















Master 
of Matter 


tae industrial chemist, master of matter, has put lead to work. He takes smelted lead—a handsome, 
but stolid looking metal—and makes it perform hundreds of essential jobs in almost as many essential 
industries. 

Lead the metal goes into bearing metals, solders, roof flanges, sheathing for electric and telephone wires, 
pipes and fittings. Lead compounds make paints, paint pigments, oxides for many industrial uses, and for 
protecting all surfaces from wear and weathering. Everything painted, every machine that runs on bearings, 
every home, almost every industry benefits from the skill of the industrial chemist who is constantly at work 
perfecting the uses of lead. 

Lead and zinc flow sheets are available free —also other valuable data on lead and its products for class 
room use. Write The Eagle-Picher Lead Company, 134 North La Salle Street, Chicago. Eleven Plants. 


Branches in all principal cities. 


EAGLE-PICHER 


Producers of Lead and Allied Products 
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PINIONS 


Pinions get all the speed there is in 
the engine of a motor car. 






Timken Bearings on the pinions infal- 
libly carried all the speed of the three 
Studebaker Commanders which totaled 
75,000 miles, at well over a mile a min- 
ute, in the Atlantic City record run. All 
the recent Studebaker records were 
made with Timken-equipped pinions. 


Standard on pinions of the Studebaker 
and a long list of other makes, Timken 
Bearings preserve alignment and quiet. 
from the threat of speed, thrust, shock, 
torque, and friction. 
















Spiral gears with increasing thrust, higher 
gear ratios, higher motor speeds, and 
the importance of rigidity hasten the 

trend toward Timken Tapered 
Roller Bearings for pinions. 
THE TIMKEN ROLLER BEARING 

COMPANY, CANTON, OHIO 


In Studebaker cars Timken 
Bearings arestandard on the 
pinion, in the differen- 
tial, rear wheels, front 
wheels, and steer- 

ing pivots. 
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GROUP of buildings was recently com- 

pleted in Cambridge, Massachusetts, 
for the Graduate School of Business Admin- 
istration, Harvard University. The group 
was planned as a unit and developed in ac 
cordance with a definite idea that buildings 
and grounds could and should help in educa- 
tion, and that personality could be brought 
out in an atmosphere of quiet and good taste 
appropriate to an old university. 


Included in this modern school of business 
are specific buildings for adminstration, 
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classrooms, dining halls, clubs, dormitories, 
library, recreation, business research, and 
professors homes. The total cost of all of 
these as illustrated in the above picture was 
approximately $5,000,000. 


Four Koehring Heavy Duty Mixers [two 
No. 10S and two No. 14S mixers illustrated 
below] were used in mixing the concrete 
for the foundations. With the Koehring 
re-mixing action it was assured that every 
foot of concrete wall would be uniform and 
of dominant strength. 


KOEHRING COMPANY 
MILWAUKEE, WISCONSIN 
Manufacturers of Pavers, Mixers — Gasoline Shovels, Cranes and Draglines. 


The revised edition of 
“Concrete — Its Manu 
facture and Use,” a com- 
plete treatise and hand- 
book on present meth- 
ods of preparing and 
handling portland cement 
concrete, is now ready 
for distribution. To en- 
gineering students, facul- 
ty members and others 
interested we shall gladly 
send a copy on request, 
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Reeves Avenue Station, Norfolk 
40,000 H. P. Addition and Improvements 







More Power 
for Virginia Electric & Power Co.* 


Extending and modernizing power stations usually 
must be done while stations are in service. This 
work, requiring both extensive operating and long 
construction experience, is an important part of 
Stone & Webster service. 










*Serves Tidewater Virginia and Northeast North Carolina. 
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Knowledge Plus Wisdom 


A suggestion for a new course at Technology 
&& ¥ 


WOULD not be justified in writing 

I as I propose to do, if I were not an 
old man and I may be presum- 
ing overmuch as it is. Hamlet told 
Polonius that he read that old men 
had gray beards. But, as you can see, 
this does not apply to me. In my case 
it would be quite inappropriate, as I 
am in the razor business. Further, 
that their faces were wrinkled, their 
eyes purging thick amber and plum 
tree gum and that they had most 
weak hams. These, I think, are only 
partially true of me. Worst of all; that 
they had a plentiful lack of wit. Of 
this latter I may succeed in convincing 
you before I have finished. Hamlet 
said he believed all these things of old 
men and spoke of Polonius as a 
tedious old fooj. It may be that there 
are brilliant young gentlemen present, 
who, to a greater or less degree, share 
Hamlet’s opinion. One of my favorite 
philosophers, Josh Billings, once said: 
**When i waz 20 i knew twice as mutch 
az i do now, and the way things are 
going on, if i should liv to be 75 i don’t 
expekt to kno nothing.’’ Nevertheless, 
I have a few things to say to you 
which may, or may not, interest you. 
I do not know, of course, to what 
extent the distinction between Knowl- 
edge and Wisdom has entered your 
minds. Some of you may regard the 
terms as_ practically synonymous, 
others may sharply distinguish between 
them. According to Webster’s New 
International Dictionary, Knowledge, 
in the sense I am discussing it, is that 
which is gained and preserved by 
knowing; enlightenment; learning; 
scholarship; erudition. Wisdom, by 
the same authority, is the ability to 
judge soundly and deal sagaciously 
with facts, especially as they relate to 
life and conduct; the capacity to make 





By Wriu1aM E. Nickerson °76 
Director of State Street Trust Company 


due use of Knowledge; perception of 
the best ends and the best means; dis- 
cernment and judgment; discretion; 
sagacity. Landor has expressed the 
thought as follows: ‘‘Wisdom con- 
sisteth not in knowing many things, 
nor even in knowing them thoroughly; 
but in choosing and in following what 


We are presenting this article to 
our readers so that the students and 
alumni of the Institute may give 
the question of a course in Human- 
ics careful consideration. Mr. 
Nickerson has suggested a course 


which would greatly affect the 
personality of Technology men. 
Tue Tecnu ENGINEERING News 
wul welcome any comments on 
this plan and will publish them on 
its editorial page. 





conduces the most certainly to our 
lasting happiness and true glory.’’ 
Cowper put the relationship of Knowl- 
edge and Wisdom into poetical form 
with great truth and effectiveness. 
Knowledge and Wisdom, far from being one, 
Have ofttimes no connection. Knowledge dwells 
In heads replete with thoughts of other men; 
Wisdom, in minds attentive to their own. 
Knowledge — a rude, unprofitable mass, 
The mere materials with which Wisdom builds, 
Till smoothed, and squared, and fitted to its 
place — 
Does but encumber whom it seems to enrich. 
Knowledge is proud that he has learned so much; 
Wisdom is humble that he knows no more. 
You may now wonder whether my 
address is to consist of an academic dis- 
cussion concerning the meaning of 


5 


words. That is not my intention. I 
have, however, an idea that a clear 
conception of the fundamental differ- 
ence between Knowledge and Wisdom 
in the minds of students might perhaps 
lead to an improvement in the quality 
and an increase in the quantity of the 
latter virtue in those who think seri- 
ously on this subject. 

Knowledge and Wisdom form a 
strong team when they pull together. 
Much Wisdom with little Knowledge 
may be somewhat weak, but often 
accomplishes quite remarkable things. 
Much Knowledge with little Wisdom 
may run amuck, or may prove quite 
ineffective. This might be compared 
to a ship loaded with valuable freight, 
but having no rudder and unreliable 
navigating instruments, she rolls about 
on the ocean, but gets nowhere. 

In speaking of much Wisdom and 
relatively restricted Knowledge, I think 
of my own grandfather, whose school- 
ing, according to our standards, was 
small, but who was very far from being 
ignorant. His life, up to forty, was one 
of severe exertion and hardship, but 
was crowned by measurable success, 
and brought a comfortable and re- 
spected old age, reaching to ninety 
years. Slow to promise but quick to 
perform, always thoughtful and far- 
seeing, never making an important 
decision until at least one night had 
passed, he looked at all important 
matters from every side and made very 
few mistakes. Old Cape Cod has pro- 
duced many such men and some highly 
educated people have seemed weak 
and foolish by contrast. These were 
excellent examples of men whose suc- 
cess was due principally to innate 
Wisdom rather than to Knowledge, and 
it seems to me that if we cannot have 
Wisdom and Knowledge in liberal 
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measure working together, it is pref- 
erable to have predominant Wisdom 
rather than the reverse. 

in contrast to the men of little learn- 
ing and much practical Wisdom, con- 
sider the men of marvellous attain- 
ments. Those living encyclopedias 
who here and there grace their pro- 
fession: in science; in the law; in 
medicine; in statecraft and in other 
activities that give opportunity to use 
great accumulations of Knowledge. 
We may feel when considering them 
somewhat like the rustic people con- 
templating the schoolmaster in Gold- 
smith’s Deserted Village: ‘‘And still 
they gazed; and still the wonder grew; 
That one small head could carry all he 
knew.’”’ But we are bound to admit 
that they must have possessed a goodly 
share of Wisdom in addition to their 
great Knowledge,orthey would 
hardly have succeeded in be- 
coming great. 

“| . . Every other quality is 
subordinate and inferior to 
Wisdom, in the same sense as 
the mason who lays the bricks 
and stones in a building is in- 
ferior to the architect who drew 
the plan and superintends the 
work. The former executes only 
what the latter contrives and 
directs. Now, it is the prerog- 
ative of Wisdom to preside over 
every inferior principle, to 
regulate the exercise of every 
power, and limit the indulgence 
of every appetite, as shall best 
conduce to one great end. It 
being the province of Wisdom 
to preside, it sits as umpire on 
every difficulty, and so gives 
the final direction and control 
to all the powers of our nature. 
Hence it is entitled to be con- 
sidered as the top and summit 
of perfection. It belongs to 
Wisdom to determine when to 
act and when to cease, when 
to reveal and when to conceal 
a matter — when to speak and 
when to keep silent — when 
to give and when to receive; 
in short, to regulate the 
measure of all things, as well as to 
determine the end, and provide the 
means of obtaining the end pursued 
in every deliberate course of action. 
Every particular faculty or skill, be- 
sides, needs to derive direction from 
this; they are all quite incapable of 
directing themselves. The art of navi- 
gation, for instance, will teach us to 
steer a ship across the ocean, but it 
will never teach us on what occasion 
it is proper to take a voyage. The art 
of war will instruct us how to marshal 
an army, or to fight a battle to the 
greatest advantage, but you must 
learn from a higher school when it is 
fitting, just, and proper to wage war 
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or to make peace. The art of the hus- 
bandman is to sow and bring to ma- 
turity the precious fruits of the earth; 
it belongs to another skill to regulate 
their consumption, by a regard to our 
health, fortune, and other circum- 
stances. In short, there is no faculty 
we can exert, no species of skill we can 
apply, but requires a superintending 
hand — but looks up, as it were, to 
some higher principle, as a maid to her 
mistress for direction; and this uni- 
versal superintendent is Wisdom.” 
Universities and colleges and espe- 
cially scientific schools, like the Massa- 
chusetts Institute of Technology, exist 
primarily for the purpose of affording 
opportunities to young men and young 
women to accumulate stores of Knowl- 
edge which are to be useful to them 
during life and by means of which, it 
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is hoped, they will become citizens of 
great value to the country and to the 
world at large. You come here, young 
gentlemen, for Knowledge; to learn 
about chemical reactions and combina- 
tions; about strains and stresses; about 
many kinds of vibrations; about meas- 
urements of all sorts, from the wave 
lengths of Ultra-Violet light, to the dis- 
tances of the far-away nebulae; and so 
on, almost to infinity. That is quite 
right. For what else would you come? 
Not for social distinction, surely. 
M. I. T. leaves that distinction to be 
sought at other institutions. Is it pos- 
sible that something which is not 
Knowledge but is complementary to it, 
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might be acquired here; in some degree 
at least? 

It is more than likely that some of 
my hearers may have thought that I 
was rather satirical in my opening par- 
agraph, even to the point of sarcasm. 
That may be so. But I had an object 
in view. I wished to challenge your 
attention at the start; to arouse in 
your minds a little curiosity as to 
what I might say next. I am quite in 
earnest in what I am saying and I de- 
sire to carry you along with me. Above 
all, I desire not to be tedious, for I 
think I am really telling you something 
worth hearing. 

It is natural and inevitable that a 
young man who comes here to learn 
should stress Knowledge. It is right 
that he should. He feels the need of 
Knowledge, and more Knowledge. He 
is likely to think that this is all 
he does need. He has not yet 
reached the stage where he 
realizes that something more 
is necessary, if he is to make 
the fullest use of the Knowl- 
edge he has gained. Knowledge 
to him is the great sun in the 
heavens and its dazzling light 
renders all else obscure. 
“Knowledge partakes of In- 
finitv; it widens with our ca- 
pacities: the higher we mount 
in it, the vaster and more mag- 
nificent are the prospects it 
stretches out before us.”” The 
old man, on the contrary, when 
he looks backward and recalls 
how often he has acted fool- 
ishly and how much he has lost, 
in time, in effort and in success, 
because of unwise procedure, 
is very likely to stress Knowl- 
edge less and exalt Wisdom 
proportionately. After a cer- 
tain age our Knowledge may 
not as a whole increase, on 
account of our forgetting much 
that has been learned, as an 
offset to that which is being 
learned; but Wisdom may go 
on ripening up to the point of 
mental decay. 

The problems of active life 
may beroughly divided into two classes. 
First, those relating to Nature and nat- 
ural laws; and second, those having to 
do mainly with our fellow men. In deal- 
ing with the first, Knowledge is in the 
ascendant and a moderate amount of 
Wisdom may suffice; but in wrestling 
with the second class, while Knowledge 
is still necessary, full use will be found 
for all Wisdom that can possibly be 
brought to bear upon the task. The 
young man who enters the Institute 
has had at least ten years in the ele- 
mentary and high schools in quest of 
Knowledge. Then another period of 
four years is given to the same pur- 
(Continued on page 21) 











The Hudson River Bridge 


A sixty million dollar structure which ts to be the largest of its kind 


HIS is an age of large bridges. 
Quite a number of long span 
bridges have recently been com- 
pleted, or are under way, if we include 
in this class, as heretofore, spans of 
1200, 1500 or 1800 feet. But our scale 
of proportions has been changing. A 
century ago Telfords Menai Suspen- 
sion Bridge in Wales, with a span of 
580 feet, was pronounced a world 
wonder. Could it be conceived at that 
time that within fifty years that bridge 
would be far outranked by the sus- 
pension bridge across the East River 
at New York, with a span of nearly 
three times the length and over ten 
times the suspended mass? And could 
Roebling have more than visualized 
that within another fifty years the span 
of his great Brooklyn Bridge would 
again be more than doubled and the 
mass of the suspended weight again 
increased tenfold in a bridge which is 
now under construction across the 
Hudson River at New York between 
Fort Washington and Fort Lee? 

The latter bridge, with its span of 
3500 feet, projects into a new range of 
magnitude and, while it may be years 
before it will be outranked, there is 
little doubt that it will be followed by 
structures of like or greater size, and 
even a span of twice its length is not 
beyond present possibilities. 

A structure of unprecedented pro- 
portions, such as the Hudson River 
Bridge, is viewed by the laymen with 
some apprehension as a venturesome 
undertaking, and when actually accom- 
plished he regards it as a wonder. To 
the experienced engineer, who has 
grown up with similar problems of 
lesser magnitude, it is today but a step 
farther in the application of well 
established principles and theories and 
the utilization of well-known materials 
andmeans and methods of construction. 

And, in fact, if we analyze the struc- 
ture of the Hudson River Bridge, as 
planned, we will find that its integral 
parts represent but a moderate pro- 
jection beyond recent precedents, as 
regards both quality of material and 
size of structural elements. 

It is when we compare the structure 
with the achievements of the past 
hundred years that we perceive the 
great progress that has been made in 
bridge building, which progress unques- 
tionably has been possible owing to the 
far reaching advances made in other 
technical fields, such as metallurgy, 
electrical and mechanical engineering, 
as well as in exact science. 

But the planning of a great bridge 
today is more than a structural engi- 
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neering problem, or the application of 
scientific and technical knowledge. 
Not speaking of the political, legal 
and financial problems, which are neces- 
sarily complex and complicated in a 
public improvement of this kind, the 
planning of a great bridge as a link in 
a vast system of transportation arteries 
is a traffic problem of considerable 
magnitude. 


We take great pleasure in pre- 
senting this excellent article to our 
readers as this structure exempli- 
fies the magnitude of the tasks 


awaiting the young engineer after 
graduation. This article will be 
of special interest to Technology 
men as the architectural scheme 
was developed by Cass Gilbert ’80. 





Nor is the physical planning of a 
bridge of this size, located in a beautiful 
landscape and conspicuously exposed 
to view far and wide, merely an engi- 
neering proposition. While the general 
outlines and proportions are neces- 
sarily dictated by engineering require- 
ments, certain parts, as the towers, 
anchorages and approaches, call for 
dignified architectural treatment in 


order to produce a truly monumental 
structure. And since we engineers of 
today are not trained in producing the 
lines and proportions which appeal to 
the aesthetic sense, it is our duty to 
seek the association and coéperation 
in our work of architects who have 
that training. 

Realizing that the Hudson River 
Bridge presented unusual aesthetic 
problems, the Port of New York 
Authority engaged the services of one 
of the foremost architects, Mr. Cass 
Gilbert, ’80, to assist the engineers in 
planning the bridge. 


Bridge Traffic 


The traffic studies which preceded 
the final planning of the Hudson River 
Bridge were unusually elaborate and 
comprehensive. They embraced exten- 
sive counts of the entire cross-Hudson 
traffic from the lower end of Man- 
hattan to Tarrytown. These counts 
established not only volume, but the 
location, direction and kind of traffic, 
as well as its origin and destination and 
its growth. From these counts esti- 
mates were made of the probable 
volume of traffic which is likely to be 
diverted to the bridge and these were 
supplemented by estimates of traffic 
which will be created by the develop- 
ment of the territory contiguous to 
the bridge, more particularly of the 
comparatively undeveloped district on 
the New Jersey side. 

These studies indicate that the fol- 





ARCHITECT'S VIEW OF THE NEW YORK PIER 
The rocky promontory of Washington Park furnishes a solid foundation 
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lowing volume of traffic may be 
expected to cross the bridge when 
completed in 1932: 


Number of 


Number of Passengers Numberof Number 
Year Vehicles in Vehicles Pedestrians of Buses 
1932 8,148,000 19,898,000 1,415,000 497,000 
1933 8,734,000 20,017,000 1,519,000 519,000 
1934 9,310,000 21,181,000 1,578,000 544,000 
1935 9,870,000 22,387,000 1,690,000 569,000 
1936 11,339,000 25,721,000 1,968,000 634,000 
1943 13,236,000 31,039,000 2,392,000 812,000 


1,092,000 
1,616,000 


38,567,000 
50,362,000 


2,890,000 
3,196,000 


1950 14,997,000 
1960 16,310,000 


The studies indicated clearly the 
need for a crossing for vehicular traffic 
in the vicinity of the bridge and the 
expected volume of vehicular traffic 
alone will, with average toll rates of 
50 cents per vehicle and $1.00 per long 
distance passenger bus, produce a 
revenue sufficient to cover interest and 
operating charges, as well as sinking 
fund payments to permit the amorti- 
zation of the investment within twenty- 
five years. 

The Hudson River Bridge will form 
an important link between North 
Jersey and New York State west of 
the Hudson and New York City. But 
it will also serve traffic from South 
Jersey and Eastern Pennsylvania to 
points in New York State east of the 
river and New England. This traffic 
will thus avoid passing through the 
most congested parts of the city. In 
conjunction with the existing Wash- 
ington Bridge across the Harlem River, 
the proposed Triborough Bridge across 
the East River to Fort Lee Bridge 
will establish an uninterrupted high- 
way route between North Jersey and 
Long Island. 

Location, Type and General Proportions 

The general location of the bridge is 
defined by the Legislative Acts of the 
States of New York and New Jersey as 
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CROSS SECTIONAL VIEW OF BRIDGE FLOORS 


The lower deck, to be omitted at first, can eventually carry eight tracks in all 


being between 170th and 185th Streets 
in Manhattan, New York City and 
points approximately opposite thereto 
in the Borough of Fort Lee, New 
Jersey. 

This location is well chosen for a 
bridge crossing, with respect to both 
the topography and geographical con- 
ditions. The ground on both sides of 
the river in that vicinity rises to a 
height of 200 feet and more, thus per- 
mitting short, comparatively inexpen- 
sive, approaches. There is a marked 
traffic demand in that neighborhood 
and it is feasible to connect the bridge 
with important highway arteries on 
both sides of the river. 

Within these limits defined by the 
statutes, there is one outstanding 
location which has been chosen for the 
bridge site, namely on a line parallel 








BIRD’S-EYE VIEW OF NEW JERSEY PIER FOUNDATION 


This photograph, taken on January 20, indicates the extent to which the work has progressed 


to and midway between 178th and 
179th Streets, Manhattan. It is con- 
spicuously favorable, inasmuch as it 
permits a minimum length of river 
span, the rocky point of the promon- 
tory which forms Washington Park 
offering a solid bed for a bridge pier 
nearest to the New Jersey shore. 

On the New Jersey side, a bridge 
pier has been located within the pier- 
head line established by the War 
Department, since the borings indi- 
cated conclusively that it can be built 
there with foundations reaching to a 
solid bed of rock not more than one 
hundred feet below the water level, 
whereas a pier placed further out 
would, on account of the rapidly 
increasing depth to rock and the soft 
overlying strata, become much more 
expensive, if not impracticable. 

Thus the central span of the bridge 
becomes 3,500 feet between centers of 
towers and leaves the river between 
pierhead lines entirely free of obstruc- 
tions to navigation. 

The top of the rocky cliffs of the 
Palisades forms a natural abutment 
and offers a solid anchorage for the 
cables of a suspension bridge on, the 
New Jersey side. For the sake of 
symmetry, which is essential for good 
appearance, the side span on the New 
York side is made the same, or about 
650 feet, and the total length of the 
bridge proper between abutments or 
anchorages thus becomes approxi- 
mately 4,800 feet. 

The elevation of the bridge floor, as 
determined by the height of the con- 
necting streets both sides of the 
river, is 253 feet. above water level. 
It leaves a clear height of about 200 
feet under the bridge, which is ample 
for navigation. 

The suspension type of bridge, has 
been selected as being the most suit- 
able, not only on account of its superior 
economy for such a great span, but also 












OR ROT Lee Ee 












































February, 1928 


because of its light and _ graceful 
appearance. 

A fair conception of the size and 
proportions of the proposed bridge 
may be formed by the following com- 
parison with the recently completed 
Delaware River Bridge at Philadel- 
phia, now the longest existing sus- 
pension span, and with the Brooklyn 
Bridge across the East River, which a 
generation ago far outranked in size 
any other similar structure. 

General Structural Characteristics 

In the conception and development 
of the design of the proposed bridge 
the guiding motives, from an engi- 
neering point of view, have been purity 
of type, simplicity of structural ar- 
rangement, and ease and expediency 
of construction, these motives being 
compatible with true economy, great- 
est safety and utility and with good 
appearance. The principal elements 
of the structure and their functions 
are simply and clearly defined. The 
straight, or slightly cambered, floor is 
suspended vertically from two cables 
throughout its length. The cables pass 
over the towers and hang free in their 
natural graceful catenary, unencum- 
bered by a network of bracing, and are 
securely anchored at their ends to the 
solid mass of bedrock on the one side 
and to a massive block of masonry 
founded on rock, on the other. The 
towers which support the cables ver- 
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DESIGNATION OF BRIDGE 


FRIBOURG 4CABLES AT 1500000 LBS 


NIAGARA 4CABLES AT 5800000 LBS 
CINCINNATI 2 CABLES AT 9400000 LBS 
BROOKLYN 4 CABLES AT 18100000 LBS 
WILLIAM SBURG 
MANHAT TAN 
DELAWARE RIVER 


HUDSON RIVER 


0 50 





Comparative Capite Sections oF Various SusPENSION BriDces 


DESIGNATION OF BRIDGE FRIBOURG NIAGARA CINCINNAT! BROOKLYN WILLIAMSBURG MANHATTAN DELAWARE RIVER HUDSON RIVER 
YEAR OF COMPLETION 1834 1855 ‘667 1683 1908 190 1926 (1932) 
NO OF STRANDS PER CABLE 20 7 9 9 7 7 e! 9 
NO OF WIRE.) PER CABLE 1060 3640 5206 52% 76% 9472 18666 6474 

" 6 B® 
NO OF CABLES a 4 2 4 4 2 4 
DA OF CABLES sx 10° 12" rs “et ay 30° 36" 
SECTIONS OF ONE CABLE 188 so” 89° "3° 223° 265" S62” 800" 
STRENGTH OF WIRE LBS PER SQ INCH 80900 §000 109000 1@Q000 209000 210900 215000 229900 


STRENGTH of CABLES 


4CABLES AT 44600000 LBS 


4 CABLES AT 60000000 LBS 


2 CABLES AT 12000000 LBS 


4 CABLES AT 1%,000000 LBS 


200 


100 150 


STRENGTH OF SINGLE CABLE IN Mi LIONS OF LBS 








COMPARISON OF BRIDGE CABLES 


The development and increase in size of suspension bridges during the past century is clearly 
illustrated in the above table 


The floor structure is very simple. 
In each deck simple span floor-beams, 
sixty feet apart, suspended at their 
ends from the cables, carry the longi- 


COMPARATIVE BRIDGE DATA 


ee ee I ed a hy ee eae 
De NG oo eis ko cece pa eben c's « 


Length of Side Span... .. 
‘Total Length between Anchorages 


‘Total — of Bridge and (between 


plazas 


Clear Height above Water. POI Be ipa 
Height of Towers above Water.................. 
Width of Bridge Floor (over all). ................ 


‘Traffic Capacity 
Sidewalks. . 


Roadway lanes. 


Electric Railway tracks. CR a RES 2 
Total Number Traffic Lanes........:..... 


Weight of Suspended Structure.................. 
Strength of Carrying Cables.................... 


*Estimated. 

Tc. to e. of cable saddles. 

t Includes two car tracks on roadway. 

tically are plain and massive pillars, 
and deliver their enormous loads to 
foundations on solid bedrock. 

For both economy and good appear- 
ance the stiffening trusses along the 
floor are made shallow arid flexible. 
‘They are kept entirely below the upper 
or roadway floor so as to permit prac- 
tically unobstructed view from the 
latter sideways and overhead. 

Floor Structure and Its Traffic Capacity 

The floor structure is arranged with 
two:decks of which the upper one is to 
serve vehicular and pedestrian traffic 
exclusively and the lower one is 
reserved for rapid transit traffic. 





Hudson River Delaware River Brooklyn 
Bridge Bridge Bridge 
1932* 1926 1883 

5,500 ft. 1,750 ft. 1,595 ft. 
650 ft. 752 ft.T 930 ft. 
4,800 ft. 3,253 ft. 3,455 ft. 
7,800 ft. 8,240 ft. 8,016 ft. 
200 ft. 135 ft. 135 ft. 
635 ft. 380 ft. 275 ft. 
118 ft. 125 ft. 86 ft. 
2 2 1 
8 6 4t 
4 4 2 
14 12 7 


16,000 tons 
45,000 tons 


40,000 tons 
120,000 tons 


90,000 tons 
350,000 tons 


tudinal floor-stringers, which in turn 
support the flooring. 

The upper floor is divided into two 
outside roadways, each 24 feet wide, 
a central roadway 40 feet wide and two 
sidewalks. The. central roadway will 
accommodate four lanes of traffic of the 
heaviest type, having been propor- 
tioned to carry safely trucks of 25-ton 
weight moving at fast speed. Each of 
the outside roadways will conveniently 
accommodate two lanes and in an 
emergency, or intermittently, three 
passenger cars side by side. They will 
be proportioned for vehicles not in 
excess of 15 tons, moving at high speed. 


The central roadway and the foot- 
walks are to constitute the initial 
capacity of the bridge. The traffic 
studies indicate that it will be sufficient 
to meet the traffic demand for at least 
five, possibly ten years, after the 
opening of the bridge, since they will 
be capable to accommodate a yearly 
traffic of from twelve to fifteen million 
vehicles. 

It is intended to erect the outside 
roadways later which will practically 
double the initial capacity for vehicular 
traffic. They will probably be required 
before 1940. 

Although their capacity is over 
thirty million vehicles annually, it is 
not expected that the three roadways 
should normally carry a maximum 
traffic in excess of about twenty 
million vehicles, inasmuch as a heavier 
traffic concentrated at this_ crossing 
may cause excessive congestion in the 
connecting streets. It is assumed that 
by the time such a volume of traffic is 
attained, other crossings will be pro- 
vided. However, a marginal capacity 
in the bridge is advisable. It is desir- 
able, for the safety and convenience of 
the traffic, coupled with greater speed, 
to separate as far as practicable east 
and westbound traffic, as well as slow 
service vehicles from fast moving 
passenger automobiles. It is, there- 
fore, assumed that the outside road- 
ways will eventually serve as speedways 

for one-way automobile traffic and the 

central roadway for slow mixed traffic. 

Approximately 38 per cent of all 
(Continued on page 28) 





The Physical Properties of Clay 


The nature of a material whose properties have puzzled the 


which is apt to cause more 

exasperating troubles in con- 
nection with engineering operations 
than clay, because in contrast with 
other materials clay never shows at 
once what it is going to do. Buildings 
supported by clay may settle for a 
long time at an almost uniform rate 
before they come to rest, and during 
that period the buildings may go to 
pieces. Slopes and clay cuts may 
stand for years without showing any 
signs of instability, and then all of a 
sudden they move, whereupon the 
track or the road becomes buried under 
a glacier-like stream of pale blue chips 
and chunks. Near Frankfort, in Ger- 
many, a railroad cut was opened some 
fifteen years ago. Since that time the 
clay has pushed towards that cut 
slowly and persistently, and all the 
efforts to stop its movements have 
failed thus far. The quantity of 
excess material which was removed 
from the cut during the past fifteen 
years amounts to about 1,000,000 
cubic yards. 

In order to plan effective remedies 
for damage caused by the specific 
character of this material, we must 
first of all attempt to find out wherein 
the causes of the detrimental char- 
acteristics reside, else one is apt to 


fe is hardly any kind of soil 
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engineer for centuries 


By CHARLES TERZAGHI 


Associate Professor of Foundation Engineering, 
Massachusetts Institute of Technology 


waste one’s money on_ ineffective 
methods. In many cases expensive 
drainage systems have been con- 
structed without producing any notice- 
able effect on the stability of the 
drained area, and in other places heavy 
retaining walls were built where cheap 
drainage systems would have fully 
served the purpose. To prevent such 
failures we must be in a position to 
predict with a _ certain degree of 
accuracy what the effect of our opera- 
tions is likely to be, and no such fore- 
cast can be made unless we are familiar 
with the fundamental physical facts. 

What are these facts? If we dis- 
perse a small quantity of clay by shak- 
ing it with water and then examine 
the turbid water under the microscope, 
there does not seem to be any difference 
between the clay and a very fine sand. 
Yet if worked with water into a stiff 
paste, the clay exhibits the most 
unusual properties. First of all it is 
plastic. No matter how fine we grind 
an ordinary sand it never will acquire 
plasticity. Another property of the 
clay is its stickiness, and finally there 
is the fact that it shrinks if we allow 
the water to evaporate. 
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PRESSURE-KILOGRAMS PER SQUARE CENTIMETER 


Fic. 1. Elastic properties of clays and of sand-mica mixtures compared. The full drawn lines 
show the effect of raising the pressure which acts on confined samples of different clays from 0 to 
3kg. per cm? (steep compression curve) and subsequently lowering it to zero again (flat rebound curve). 
The dotted lines show the effect of the same process on those sand-mica mixtures, whose elastic prop- 
erties bear the closest resemblance to the soils whose diagrams are shown below (Abscissae = pressure 
in kg. per cm?, Ordinates=water content). The one difference between the sand-mica mixtures 
and the clays consists in the fact that the compression and the expansion of the coarse material 
takes place very rapidly, while the corresponding processes in clays proceed very slowly because 
of the time required to force the water through the narrow voids. 
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In the older publications, and even 
in quite recent ones, the clay character 
was traced by the authors to the 
presence in the soil of a colloidal 
chemical substance called ‘* Kaoline,’’ 
(aluminum hydroxide). If one in- 
quired why ‘‘Kaoline’’ has such 
unusual properties no answer could be 
obtained. It simply was stated as a 
fact. The first step towards a more 
rational explanation was made when 
some investigators expressed the opin- 
ion that the plasticity of clay might be 
due to the presence in the clay of 
minerals with scale-like particles. State- 
ments of this kind may be found in the 
papers published by Vogt, (1897), 
Orton, (1901), Le Chatelier, (1909). 
However, an experimental proof of 
these opinions was not presented until 
1913. In that year, Atterberg, in 
Sweden, powdered mica, chlorite, and 
other micaceous minerals, and demon- 
strated that the finest fraction of the 
powders thus obtained were as plastic 
as heavy clays. The facts were pub- 
lished, but apparently promptly for- 
gotten, because nobody seemed to 
know what to do with them. 

Yet, plasticity is a property which 
interests ‘the civil engineer less than 
any other. The engineer needs infor- 
mation about the resistance of the 
material and this phase of the subject 
was not taken up until eight years 


. later. In 1921, the writer obtained the 


first experimental evidence for the 
tremendous difference which exists 
between the elastic properties of sand 
and clay, and he was led te the con- 
clusion that the difference, too, was 
due to the flexibility of scale-like 
constituents of the soil. In 1924, in 
the Soils Laboratory of Robert College 
in Constantinople, the first data were 
obtained concerning the relation be- 
tween the water content, the modulus 
of elasticity and the compressive 
strength of plastic clays. From the 
test results, the laws were deduced on 
which the relation between the water 
content and the strength of the clays 
depend. In 1926, with the intention 
of checking the hypothesis, that the 
elastic properties are due to scaly 
soil constituents, the writer induced 
Mr. G. Gilboy to investigate the 
elastic properties of coarse grained 
mixtures of sand and mica. The tests 
were performed in the Soils Laboratory 
of the Massachusetts Institute of 
Technology, and the results were both 
encouraging and surprising. They 
showed that the elastic properties of 
the clays and of the sand mica mix- 
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tures are identical to such a degree 
that one can artificially produce coarse 
grained aggregates with all the char- 
acteristic elastic properties of any 
clay by properly selecting the per- 
centage of mica. The common clays 
of the United States approximately 
correspond to a mixture of about 75 
per cent sand and 25 per cent mica. 
Figure 1 represents some of the com- 
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Fig. 3. Layer-lattice of a scale-like mineral 


particle and the arrangement of the bipolar 
molecules of the water along the surface of the 
clay particles. 


pression curves of clays obtained by 
means of the apparatus in Figure 2, 
and gives a conception of their close 
resemblance to the compression curves 
of sand-mica mixtures (dotted curves). 
Further tests demonstrated that both 
the elastic properties and the compres- 
sive strength of the clays are very 
different according to the direction in 
which the external pressure is applied. 
No such difference could exist in a 
material with bulky grains similar to 
those of a sand. 

These investigations cleared up the 
purely mechanical phase of the sub- 
ject, and the way was prepared for 
approaching the hydraulic phase. Clay 
as such is not a treacherous material. 
It does not become treacherous until 
it combines with water. Hence, to 
understand the nature of the inter- 
action between clay and water is still 
more important than to know the 
properties of clay itself. One of the 
first steps towards a deeper insight into 
this interaction was made by chance. 
In 1919, the writer failed to dry a 
couple of small glass plates before he 
went to luncheon one day, and when 
he returned an hour later he found 
that they were sticking to the glass 
table top on which they rested. The 
““glue’’ seemed to consist of gray 
water spots surrounded by Newtonian 
color rings. By systematically investi- 
gating this surprising phenomenon, 
he reached the conclusion that water 
does not evaporate at room tempera- 
ture if it is enclosed within a space with 
a width of less than about 0.0001 of a 
millimeter, (100 micro micron). Within 
such spaces the water no longer seems 
to have the properties characteristic 
of a normal liquid. It acts as a kind of 
glue, binding the walls of the narrow 
space together. In 1921, after having 
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carried his investigations still further, 
the writer was in a positidn to present 
experimental facts which strongly indi- 
cated that the viscosity of the water 
contained in very narrow spaces by 
far exceeds the viscosity of normal 
water. In the same year, a Michigan 
investigator, G. J. Boyoucos, who 
certainly did not know anything about 
the experiments performed in Con- 
stantinople, obtained evidence that 
part of the water contained in a clay 
does not freeze even at temperatures 
of -78°C. Simultaneously, W. D. Har- 
kins, in Chicago, published the state- 
ment that the density of the water 
contained in the voids of charcoal 
exceeds the density of ordinary water 
to such an extent that it would require 
the enormous pressure of 20,000 atmos- 
pheres in order to produce an equal 
increase in density by an external 
force. Hence Mr. Harkins concluded 
that the water stayed within the char- 
coal under a pressure of similar magni- 
tude. At the Fourth National Colloid 
Symposium, at Cambridge, in 1926, 
the writer objected to this view on 
account of the fact that Harkins’ 
hypothesis seems to be _ physically 
incompatible with the high viscosity 
and with the low vapor pressure of the 
capillary water. He explained the 
abnormal behavior of the water con- 
tained in the clays by the theory that 
the attraction exerted by the molecules 
of the solid prevents the molecules of 
the liquid, in the proximity of the 
boundary between solid and _ liquid, 
from vibrating as freely as they do 
within a body of normal water. A 
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check imposed upon the vibrations of 
the molecules of the liquid produces 
the same physical effect as does the 
lowering of the temperature. Hence 
the writer concluded, that the water 
contained in the very narrow voids of 
a clay exists in an intensely under- 
cooled state and, as a consequence, has 
within these spaces the properties not 
of a liquid, but of a solid. 

According to these conceptions, clay 
represents a mixture of very minute 
bulky and scale-like particles held 
together by films of solidified water 
acting as a glue. The question con- 
cerning the origin and the mineral- 
ogical character of the scale-like par- 
ticles remained open. Another puzzle 
consisted in the low friction values of 
the clay. In order to make solid bodies 
as slippery as a wet clay, one must 
lubricate their surfaces, and experience 
shows that under ordinary circum- 
stances water never acts as a lubricant. 
From the engineering point of view it 
is sufficient to know what the friction 
ralue is. Yet one always feels pro- 
foundly dissatisfied, if continuously 
dealing with a phenomenon whose 
nature is obscure, and the desire per- 
sisted in the writer’s mind to see the 
matter explained. 

Until some ten years ago even the 
frictional resistance which acts between 
a chair and a floor was surrounded with 
mystery. Almost nothing was known 
about its true nature until in 1919 
W. B. Hardy published the results of 
his brilliant investigations which 
showed that the resistance is due not 
(Continued on page 36) 





Fie. 2. Compression-devices by means of which the curves of Fig. 1 were obtained. 





Testing Large Waterwheel Generators 


A description of new test pit to insure safety in service 


which the electrical manufacturer 

has to deal which do not come 
under the head of electrical engineer- 
ing. Some of these come up only 
occasionally, but one which is ever 
present is the question of the strength 
of materials. Whatever the apparatus 
may be it must be able to withstand 
the mechanical stresses met with in 
operation, both to insure a satisfactory 
long life in service, and to make certain 
the safety of those handling the 
equipment. Thus, the transformer 
must, in addition to its electrical 
strength, be capable of resisting the 
mechanical forces produced by load 
and short-circuit currents, as well 
as the static forces present in any 
fabricated structure. Likewise, 
the circuit-breaker must handle 
explosive pressures and disruptive 
forces incident to the sudden 
interruption of heavy currents, 
and also provide the rigidity nec- 
essary for rapid operation. 

The most interesting class of 
electrical equipment, however, 
from the point of view of mechan- 
ical strength, is undoubtedly ro- 
tating machinery, such as motors, 
generators, and turbines. In them 
the structure is subjected to 
every kind of mechanical force, 
so that it must withstand torque 
stresses, beam stresses, and cen- 
trifugal forces which may readily 
reach enormous proportions. 

The displacement of rotating 
parts under centrifugal and other 
stresses cannot be tolerated, since 
any interference with stationary 
parts might wreck the machine. 
In the turbine, for instance, the 
rotor must be so rigid that the 
end thrust of the steam cannot 
cause the blades to strike the 
diaphrams. Modern turbine de- 
sign has solved the problem of 
rigidity by specially heavy rotor 
shafts and by wheels so _pro- 
portioned that periodic axial vi- 
brations cannot be set up at 
normal operating speeds. 

In the design of steam-driven gen- 
erators the clearances are much larger 
than with turbines and the problem is 
to hold the parts of the rotor together 
against the centrifugal forces as well as 
the magnetic forces impressed upon 
the conductors. The use of smooth- 
faced cylindrical rotors makes the 
mechanical design fairly simple, and a 
homogeneous construction is obtained 
with end rings of high tensil strength 
and with slot wedges. 


J gore are many problems with 
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With waterwheel generators, and 
with large direct-current generators 
and synchronous condensers the diffi- 
culties imposed by centrifugal forces 
are much more apparent because of the 
salient pole construction. Particularly 
is this true of generators built for use 
in low-head plants, where the turbine 
speeds are inherently low. Electrical 
considerations in these cases require 
large rotor diameters and heavy pole 
pieces, both of which factors give rise 
to very large centrifugal forces. Con- 
sequently careful provision against 





TEST PIT WITH COVER RAISED 


This lid, four feet thick, is tightly wedged and bolted into 


place during test runs 


mechanical weakness must be made in 
the designs. While the loss of a few 
blades from a steam turbine rotor in 
operation might cause only minor 
damage, the loosening of a generator 
pole-piece weighing a ton or more and 
traveling at 10,000 feet per minute, 
would undoubtedly mean general dis- 
aster to lives and property. The pos- 
sibility of such a failure cannot be tol- 
erated, and provision against it consti- 
tutes the chief requirement sofar as 
strength of materials is concerned. 
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All rotating machines of any size are 
given careful mechanical tests before 
shipment. For steam-driven units 
these tests are concerned mainly with 
balance, which is checked up statically 
and then dynamically to be sure that 
there is no vibration present. So suc- 
cessfully is this done with even the 
largest turbine-generator sets that it 
is possible to stand a lead pencil on 
end on the casing and have it remain 
there until taken away. Dynamic 
balancing machines are used for these 
balancing tests, fitted with vibration 
recorders and other instruments by 
which it is possible to determine where 
and how much weight must be added 
to correct the balance. 

The problem of testing low 
speed rotors of large diameter is 
somewhat different. Dynamic 
balance is obtained by the ad- 
dition of weight where needed. 
The matter of chief importance 
in this class of machinery is the 
guaranteeing of mechanical 
strength against centrifugal 
forces, which, as I have stated, 
are often very large. It is not 
safe to construct such a machine 
on theory alone, and by allowing 
ample factors of safety, to assume 
that breakage eannot occur. The 
apparatus must be tested under 
operating conditions, and, in the 
‘ase of waterwheel generators, up 
to maximum or runaway speeds 
—§jin other words, double speeds. 

Such tests are commonly known 
as ‘‘over - speed’’ or ‘‘double - 
speed’’ tests, because the rotor 
is run at a speed which is twice 
thevalue used in normaloperation. 
The reason for this is that the 
highest efficiency of hydraulic 
turbines is realized when their 
blades travel at half the speed 
of the entering water, their gov- 
ernors being designed to hold 
them at this value. If an acci- 
dent occurs, such as the sudden 
loss of load on the generator, 
accompanied by jamming of the 
hydraulic gates or failure of the gov- 
ernor, it is possible for the machine to 
attain the speed of the water, or twice 
normal rated r.p.m. It is therefore the 
custom with this class of equipment to 
deliver machines only after they have 
passed this over-speed test for a short 
period, it being expected that flaws or 
other weaknesses in rotor construction 
will show up immediately. Naturally, 
such tests are dangerous, for if any- 
thing does give way the entire mass of 
revolving metal is liable to break loose 
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from its bearings and spend its mil- 
lions of foot-pounds of energy in 
destruction of life and property. 

It has been the custom of the 
General Electric Company to make 
over-speed tests of large rotors in 
heavily lined pits sunk in the floor of 
the erecting shops. For twenty years 
such tests have been made without loss 
of life or serious property damage. 
But with the constant increase in the 
size of hydroelectric machines the 
physical dimensions’ of these pits have 
been rapidly outgrown. In 1926 the 
Testing Department of the Schen- 
ectady Works decided to design and 
build a new testing pit which should 
be the last word in safety and at the 


_ same time be large enough to care for 


any rotor likely to be built for many 
years. Accordingly, plans were drawn 
up and a pit built which occupies a 
building entirely devoted to testing 
procedure. At the present writing the 
new equipment has just been com- 
pleted, and the first rotating machine 
is about to go on test. 

The test building is a brick and steel 
structure located in a field a quarter of 
a mile from the nearest manufactur- 
ing building. It is 72 feet wide and 220 
feet long, with a crane lift of 50 feet in 
the pit, which occupies one whole end 
of the building. The pit itself is a 
cylindrical concrete shell set down 
30 feet below the floor of the building, 
and resting on a nest of piles which 
penetrate 60 feet further into the 
ground. The-shell is of double con- 
struction. The inner wall has a thick- 
ness of 3 feet and is reinforced with 
one-inch steel bars woven closely 
together so that a_ structure far 
stronger than the heaviest bridge or 
building construction is obtained. Sur- 
rounding this wall a 7-foot cushion of 
sand is packed in snugly, and outside 
of that another reinforced concrete 
wall 4 feet thick. The inside diameter 
is 45 feet, and the outside, about 75. 
In the very unlikely event that a fly- 
ing piece of steel from a whirling rotor 
should penetrate all of these fortifica- 
tions its energy would quickly be 
absorbed by the surrounding earth, 
without doing any damage. The piers 
on which the building is set are so 
arranged that even if a number of them 
were to be sheared off by flying steel, 
there would still be enough left to keep 
the building from caving in. So much 
for lateral protection. 

While the principal forces acting on 
a rotor under test are in a horizontal 
plane, there is still some chance of the 
**pot boiling over.’’ To guard against 
this, a lid has been provided, which is 
four feet thick, and constructed of stéél 
plate on a braced I-beam skeleton 
octagonal in shape., The mouth of the 
pit is constricted, and around the rim 
two 30-inch girders are placed, form- 
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ing an octagonal opening into which 
the lid fits snugly. Eight brackets are 
riveted to the girder, and the lid, after 
being lowered into place, is fastened 
down with eight wedges each a yard 
long, which are themselves bolted 
securely in position. 

The minimum diameter of the open- 
ing is 30 feet, so that the large rotors — 
the most modern of which has reached 
a diameter of 40 feet— cannot be 
lowered into it until disassembled. 
One angle of the octagonal opening has 
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about 20,000 feet per minute, and a few 
moments work with a slide rule will 
indicate that the stored energy would 
be enormous. In case such an amount 
of energy were let loose within the pit 
the damage would, of course, be severe 
to the concrete structure, but it would 
be confined wholly within that, and 
would not include other property or 
the loss of life. On the other hand, 
because the accident occurred in the 
test pit, this relatively small damage 
would be substituted for the possible 





INTERIOR VIEW OF TEST PIT 


The pedestal bearing which supports the rotor can carry a load of 500 tons. 


been extended so that the pole pieces 
of the rotor can be lowered into place 
after the lid has been put on. A small 
triangular lid fits over this opening 
and seals up the pit so that stray pieces 
cannot fly out in case of a smashup. 

It is not expected that rotors under 
test will ever ‘‘blow up” completely. 
What is more probable is that rela- 
tively small pieces such as fan blades, 
wedges, bolts, pieces of insulation, etc., 
might be dislodged by the centrifugal 
forces, and bounce from the pit walls 
back against the rotor, thus causing 
additional damage and perhaps break- 
ing off a larger mass such as a pole 
piece. This sort of an accident might 
happen in a fraction of a second, and 
before the test crew was able to slow 
the rotor down, the whole mass might 
break loose. 

A recently built whaterwheel gen- 
erator rotor with a diameter of forty 
feet carries on its rim 88 pole pieces, 
each weighing in the neighborhood of 
two tons. The peripheral speed of this 
rotor under test conditions would be 


wrecking of a large hydroelectric plant 
and the killing of many people. 

All of the large machines to be tested 
in this pit will be of the vertical shaft 
type, and in order to support them a 
pedestal bearing capable of carrying 
500 tons is installed in a well below the 
pit floor. This bearing is of the roller 
type, and is supplied with oil by a belt 
driven pump. This lubrication supply, 
is, however, not relied on during test- 
ing, and an electric-driven pump is 
installed in a chamber in the pit wall 
to act asa standby. The motor for this 
pump operates on storage battery 
current, so that it is independent of the 
house service circuits. 

For the testing of smaller machines 
a second bearing is provided, which is 
capable of carrying 200 tons load. 
This is placed on a bearing bracket 
resting across the main bearing well, 
and can be removed when large ma- 
chines come in for test. There is also 
room to test the smaller sizes of high- 
speed horizontal machines within the 

(Continued on page 42) 
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Arc Welded Steel Structures 





A compar ison of the charactertstics of welded and riveted joints 


URING the last few years, the 
1) use of the arc-welding process 

in manufacturing and building 
industries has grown rapidly. When 
this process was introduced, no hand- 
books or tables of fundamental data 
were available, but since that time 
manufacturing companies have con- 
ducted extensive tests to develop the 
data and demonstrate, the safety, 
economy and practicability of arc 
welding as applied to manufacturing 
and building. Engineering colleges 
and trade schools have also helped to 
promote this new process by adding 
courses in metallography and arc 
welding to their curricula, holding are 
welding conferences, and coéperating 
with manufacturing companies in test- 
ing arc-welded structures. The infor- 
mation obtained by these tests 
has been supplemented by 
knowledge gained by actual 
application of the are welding 
process to many and widely 
diversified fields. 

Are welding has been used in 
manufacturing processes for 
several years. Arc-welded 
structural steel construction is 
being used for motor frames, 
armature spiders, and machine 
bed plates, all of which were 
formerly castings. Structural 
steel products are lighter, 
stronger, less expensive, and of 
a more uniform composition 
than similar products of cast 
iron or cast steel. The time 
required to cut and assemble 
the parts of a structural steel 
product is much less than the 
time required. to make pat- 
terns, molds, and pour metal 
for castings. 

Are welding has also been used 
extensively in constructing tanks, gear 
cases, and other sheet metal products 
which were formerly riveted. The are 
weld produces a good seal, requires 
no calking, and produces a smoother 
and neater point than can be produced 
by riveting. Automatic welding ma- 
chines may be used in many processes 
of the sheet metal industry to speed 
up production and reduce labor costs. 

In the oil industry, electric are weld- 
ing is becoming recognized as an 
indispensable agent in constructing 
pipe lines, making irregular joints, 
building storage tanks, and in making 
general repairs on all of the equipment 
about a refinery. The use of welded 
seams instead of riveted seams for 
pressure stills has reduced the number 
of still leaks and consequently the num- 
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ber of fires and losses due to failures 
of joints. 

These are at present only a few 
examples of the uses of are welding in 
manufacturing processes, but the fa- 
vorable results obtained are suggestive 
of many other applications. The 
remarkable success of are welding in 
the manufacturing industry led engi- 
neers, architects and others interested 
in the building profession to believe 
that are welding could be used to 
advantage in the building industry. 

The Westinghouse Electric and Man- 
ufacturing Company has erected six 
arc-welded steel frame buildings dur- 





Showing beam before load has been applied. Fic. 14 shows 


result 


ing the last two years and has 
recently completed the first all-welded 
railroad bridge in the world. 

To obtain data for the design of 
these structures, the Westinghouse 
Electric and Manufacturing Company 
conducted a series of tests to deter- 
mine the strength of arc-welded joints 
and to compare their characteristics 
with those of riveted joints. The final 
tests were held at Carnegie Institute of 
Technology before an audience of 
many prominent architects, engineers 
and builders. 

All material for these tests was 
specially prepared by the American 
Bridge Company. Insofar as possible 
all specimens were made of steel pre- 
pared from the same heat. This was 
done to secure uniformity in compar- 
ing the various specimens. The riveted 
specimens were constructed in the 
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fabricating shops of the American 
Bridge Company and the welded 
specimens were constructed by the 
Westinghouse Electric and Manu- 
facturing Company. 

There were forty-two specimens 
made up for testing. In making these 
specimens, all work which was con- 
sidered shop fabrication work was done 
with the specimen in the position in 
which it was easiest to weld. In other 
words the welders were allowed to 
turn them on a table. When making 
connections that would represent field 
connections, the specimen was turned 
until it was in the position which would 
represent field conditions, so that the 
work was carried out exactly as it 
would be on a structure. 

Space limitations will not permit a 

discussion of all of the tests, 
1 but some of the most interest- 
ing and valuable ones will be 
discussed in detail. 

Three specimens of welded 
column connections were pre- 
pared as shown in figures 5 and 
6. Each specimen comprises an 
H column eight inches deep, 
two feet high, weighing 32 
pounds per foot and two canti- 
lever Bethlehem I beams nine 
inches deep, three feet long, 
weighing 29.5 pounds per foot. 
The details of the specimens 
are as follows: 

Specimen No. 2 (Figure 5) 
was constructed by welding 
two seat angles 4” x 3” x 34” 
x 6144” long, across the faces 
of the column with 4” legs out- 
standing. Only the ends of the 
3” legs were welded to the 
column with a ;5;"’ bead. Four 
continuity plates each 3” x 54”x 654” 
long were placed against the web of 
the column between the flanges so 
as to be directly in line with the 
flanges of the cantilever beams. 
These continuity plates were welded 
in place with a %” fillet entirely 
around their ends against the column 
flanges. The columns were then stood 
on end and the I beams were landed on 
the seat angles leaving a ;';’’ opening 
between beam ends and the face of the 
column. The entire ends of the beams 
were welded to the column faces and 
the edges of the beams were welded to 
the 4” edges of the outstanding leg of 
the angle seats. Two top re-enforcing 
plates each 4” x 14” x 414” were placed 
on top of the beams. The 4-inch 
lengths were welded to the column 
face, and the 4%-inch edges were 
welded to the top flanges of the beam. 
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Specimens No. 3 and No. 4 (Figure 6) 
are similar to No. 2, but the angle 
seats and re-enforcing plates were 
omitted in No. 3 and the continuity 
plates were omitted in No. 4. 

Each of these specimens was turned 
upside, and mounted on rocker blocks 
five inches wide placed with their 
centers three inches from the beam 
ends. The load was applied on the 
upstanding end of the column. 

Figures 7, 8 and 9 show specimens 
No. 2, No. 3 and No. 4 respectively as 
they appeared after the tests. The 
pertinent data is given in the accom- 
panying table. 

It is interesting to observe that none 
of the specimens had a single failure 
in the welds. Specimens No. 2 and 
No. 3 failed by web crippling of the I 
beams and No. 4 by web buckling of 
the column. The three per cent 
difference in the ultimate loads re- 
quired to cause failures in No. 2 and 
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were riveted to the shank plates with 
six rivets 4’ diameter, power driven 
in +2”’ diameter holes. 

Specimen No. 16 failed by breaking 
the rod approximately 12’’ from one 
face of the I-beam section. Specimen 
No. 17 failed through the 214” leg 
first, followed by tearing through the 
2’ leg adjacent to the end of the shank 
plates. The riveted specimen (No. 18) 
failed through the first rivet hole at the 
end of the shank plate. 

The pertinent data is as follows: 


Pounds Elastic Pounds Ultimate 


Specimen No. Limit Load 
16 23,200 35,000 
17 70,000 94,000 
18 60,000 72,000 


In addition to the fact that the 
welded specimen (No. 17) was more 
than 30 per cent stronger than the 
riveted specimen, it is interesting to 
note that the elongation of the welded 
specimen was 168 per cent greater than 


COMPARATIVE DATA 


Pounds Pounds 
Specimen Elastic Ultimate 
No. Limit Load 
2 57,000 70,000 
8 50,000 68,550 
4 28,000 53,400 
Pounds 
Specimen Elastic Ultimate 
No. Weight Limit Load 
19 785 65,000 77,200 
20-B 798 57,500 71,450 
21 656 65,000 78,000 
21-A 795 60,000 110,350 
W eight 
No. 21-A is 4% below No. 20-B 
No. 21 is 18% below No. 20—-B 
No. 19 is 146% below No. 20-B 
No. 21 is 16% _ below No. 19 


No. 3 indicates the effects of using the 
re-enforcing plates and seat angles in 
No. 2. The great difference in the 
ultimate strength of No. 2 and No. 4 
is attributed to the effect of the con- 
tinuity plates of No. 2. The effect of 
the continuity plates is the same as 
that of having a continuous beam 
-arried .through the column. This 
construction was used in the Westing- 
house Sharon building. 

The three specimens shown in Fig- 
ure 10, were prepared to determine 
the strength of arc-welded tension 
members. Specimen No. 16 comprises 
a pair of +2” diameter hot rolled steel 
rods welded to the two faces of a 12” 
I-beam. Specimen No. 17 comprises 
two angles 214"x 2” x #"’x 4’ long 
with their 214” legs placed against two 
shank plates 34” x 5’’x 1’ long with 
the angles overlapping the plate ends 
4 inches. The heel and toe of each 
angle were welded along the 4”’ length 
and across the ends of each angle to 
the shank plates. Specimen No. 18 


differed slightly from No. 17 in that 
the angles were 4’ 214” long, over- 
lapped the shank plates by 614”, and 


Bending Moment 

at Column Face 

in Inch Pounds 
1,165,000 
1,130,000 


Remarks on 
Ultimate Load 
No. 2-31% higher than No. 
No. 3-28% higher than No. 
No. 2- 2% higher than No. 3 


i 


878,000 


Maximum 
Fibre Stress Lbs. 
Per Sq. In. 
53,800 
49,200 
52,700 


Maximum Bending 
Moment Ft. Lbs. 
270,000 
250,000 
273,000 
386,000 


Ultimate Load 
No. 21-A is 59% above No. 
No. 21 is 9% above No. 20-B 
No. 19 is 8% above No. 20-B 
No. 21 is 1% above No. 19 


20-B 


the riveted specimen, the values being 
1.12” over a length of 4’ 314” for the 
riveted specimen and 8” for the 
welded specimen measured over a 
length of 40’. 

To show the advantages gained by 
substituting arc welding for riveting 
in built-up members, such as girders 
and columns which exceed the sizes 
of existing rolled shapes, four specimen 
girders were prepared and tested. 

Specimens No. 19 (Figure 11) and 
No. 20 were constructed of similar 
parts, but one specimen was welded 
and the other one was riveted. Each 
specimen comprises a web plate 35” 
x 14x 15’ four flange angles 3” x 4’’ x 
is’; sixteen web stiffener angles 214” 
x 3x 14", and filler plates. A total of 
116 rivets, 34’’ diameter power driven 
in ~@”’ diameter holes were used to 
fabricate specimen No. 20. 

Specimen No. 19, Figure 10, was 
welded. The top; flange angles were 
welded to the web plate by inter- 
mittent welds 1 inch long on 3-inch 
centers along the toe of both the top 
angles. The backs of the angles were 
welded together and tothe end of the 
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flange plate intermittently using 2- 
inch long welds on 3-inch centers. 
At either end the angles were welded 
solid to the web plate at both the heel 
and toe for a distance of 3 inches. The 
bottom flange angles were welded to 
the web plate solid for a distance of 
6 inches at either end of the toe, the 
remainder of the weld along the toe of 
the angle being 2 inches on 5 inch 
centers. The heels of these flanges were 
welded solid for 6 inches at the ends 
and the remaining portion of the joint 
was welded intermittently with 2-inch 
welds or 5-inch centers. The filler 
plates were welded to the web plate by 
means of 2-inch welds at the neutral 
axis and 14-inch welds at the ends of 
the filler plates along the web plates. 
The stiffening angles were completely 
welded around the entire periphery, 
making contact with the flange’s 
angles and also 2-inch welds at the 
heel and toe of these angles exactly in 
line with the 2-inch welds made at the 
edge of the filler plates to the web 
plate. 

Specimens No. 19 and No. 20 were 
designed the same as standard riveted 
girders’ are designed. 

Specimens No. 21 (Figure 11) and 
No. 21-A (Figure 12) were designed 
specially to take all advantage of the 
possibilities of joining structural steel 
members by the use of arc welding. 

Specimen No. 21 comprises a web 
plate 14” x ;;’’x 15’ long, two flange 
plates 10’ x 34x 15’ long; and six- 
teen web stiffener: plates 3’ x 4” x 
1’ 134” long. The top flange was 
welded to the web plate continuously 
along either side of the web plate. The 
bottom flange was welded to the web 
plate solid for a distance of 6 inches 
from either end and then intermittent 
welds 2 inches long on 4-inch centers 
were made throughout the rest of the 
distance on either side of the web 
plate. The web stiffeners were welded 
solid to the flanges around the entire 
periphery at either end of each web 
stiffener. Each web stiffener was also 
welded 2 inches on either side at the 
neutral axis and at intermediate points 
1 inch long at either side of each 
stiffener half way between the neutral 
axis and the flanges. This specimen 
weighed 16 per cent less than No. 19 
(the riveted design welded) and 18 per 
cent less than the riveted specimen 
No. 20. 

Specimen No. 21—A (Figure 12) is 
the same as No. 21, except that the 
web stiffening plates are 4144” x 4%” 
x 114” long. Also a reinforcing plate 
9” x #"’ x 6’ long was welded to the 
top flange. This plate was welded 
solid across either end and solid along 
either edge from the center of, the 
girder to a point 1 foot, 2 inches from 
the center of the gitder. The remain- 

(Continued on page 32) 








A SCIENTIFIC EDUCATION 

If the students in a technical school 
were asked to give the reason or 
reasons which influence them in choos- 
ing their particular course, it is safe to 
say that the answer, ‘‘I believe there 
is more opportunity in this line,’’ 
would be in the majority. In our 
opinion, too much.emphasis is placed 
on this method of choosing one’s life 
work. We must pick our specialty at 
least three years before graduation, 
and probably four. As regards oppor- 
tunity in any line, anything might 
happen in four years. In modern 
high speed industrial life, industries 
are created and undermined almost 
overnight. The knowledge of the 
specialist today is obsolete tomorrow. 
However, the fundamental laws of 
engineering never change. The laws of 
mechanics are for all practical pur- 
poses eternal. 

With this in view, the student 
should choose his work, not to con- 
form to the line which he believes 
offers the most opportunity at the 
present time, but to fit his personal 
abilities and tastes. He should en- 
deavor to receive a thorough ground- 
ing in the unchanging fundamentals of 
the profession rather than specializing 
in any particular branch. When 
graduation comes, the entire industry 
may have undergone radical changes, 
yet he is still competent to enter any 
branch, not as a specialist perhaps 
but with a background that will 
enable him to swiftly rise to the top. 


THE LIBRARY 


Within the dome of Building Ten is 
one of the most complete scientific 
libraries in this country. There one 
may find, not only the printed record 
of achievements in engineering, but 
also the hypotheses upon which the 
best brains of the world are building 
their theories for future successes. 
While at the Institute, we are neces- 
sarily engaged with principles, and 
only principles, for the most part. 
Time does not allow us to actually 
visit the operating plants where much 
of the knowledge we are gaining is 
daily put into use. We do not have the 
opportunity of watching personally 
the abstract principles at work. The 
incentive of ‘‘seeing the wheels go 
‘round’’ is denied us, but — we can 
use the library, a substitute which may 
become even more valuable to us than 
the actual experience. The library is 
the written record of other ‘men’s 
experiences and can help us totavoid 
many of the mistakes of beginners, in 
addition to giving us a rounded-out 
view of the whole engineering field. 





Editorials 


We consider that such a view is an 
essential of every successful engineer. 

We cannot hope to be successful in 
any line of work unless we can see how 
each particular job is codrdinated with 
every other phase of the process of 
which it is a part. None of us can fail to 
de better work in our problem sections, 
in our home preparation, in our lecture 
work, if we are continually connecting 
the problem of the moment with some 
particular job, with something of 
which we have read. The best school 
instruction is estimated to be five 
years behind the actual methods being 
used. If we but make use of the 
library and the facilities that are there 
offered to us, we shall find ourselves 
not only more in step when we gradu- 
ate, but also much better able to meet 
our problems here with the enthusiasm 
that a full realization of the oppor- 
tunities before us will bring. 


THE COVER 


Our cover this month is a draw- 
ing by T. D. Marsh entitled “‘ The 
Bridge Builders,” which depicts 


the erecting of a girder in a strik- 


ing manner. This drawing was 
recewed through the coéperation of 
Professor Spofford of the Civil 
Engineering Department. 


STANDARDIZATION 


Standardization, one of the most 
characteristic features of the present 
industrial system, has come in for a 
great deal of criticism by various 
writers on industrial evils. It is claimed 
that it makes the worker’s job a 
**machine - like, soul-searing monot- 
ony.’’ It is robbing work of its savor, 
and ‘ transforming us into puppets 
incapable of thinking for ourselves. 

Yet, standardization is the thing 
that has made our present standard of 
life the highest in all history. News- 
papers, books, automobiles, and many 
luxuries, once thought the prerogative 
of the wealthy, are placed within the 
reach of the common laborer who 
enjoys more comforts than any ancient 
king. Standardization is the very 
heart and soul of our present pros- 
perity and preéminent position among 
industrial nations. It is true that it 
robs industry of some of its savor for 
the worker, but that is a small price to 
pay for the benefits which are derived 
from it. 

Furthermore, it is but a temporary 
price. In our opinion, the cure for the 
evils of standardization lies in more 
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standardization. When it is pushed 
to its ultimate conclusion the few 
evils that have attended it will have 
disappeared, for the more monotonous 
a job becomes, the more certainty that 
it will be replaced by a machine. 
Therefore, in future years, as this 
process is pushed to its logical limit, 
man will be relieved of the need of 
manual labor. His part will be that of 
executive or designer, and, largely free 
of the great burden of earning his liv- 
ing by arduous toil, he will be able to 
devote his time to the production of a 
race of ‘‘supermen’’ so long dreamed 
of by philosophers. 


CONCERNING BULL SESSIONS 

There is much to be said in favor of 
that often condemned diversion com- 
monly known to Tech men as the bull 
session. As one person aptly described 
ij, ‘‘the requirements are a number of 
overworked students, each with sev- 
eral hours of prepared work to do, all 
night to do it in, and no knowledge 
whatever of the subject under discus- 
sion.’’ This subject under discussion 
may vary between the widest limits, 
and, as the session develops, it may 
follow a devious course from one 
topic to another, wholly unrelated in 
character. 

Those who are primarily concerned 
in pointing out the way in which we 
should go, often deplore the bull 
session as the ruination of young men. 
They consider it a needless waste of 
time, time which might well be used 
to far greater advantage in application 
to professional studies. 

We feel, however, that the time is 
not entirely lost. Here at Technology 
most of our hours are spent in engin- 
eering work, and we have little time to 
devote to those subjects which go to 
make up a liberal education. In a bull 
session, we get an exchange of ideas, 
which, in a small way, serves to bring 
to us a broadening influence. There is 
a difference of opinion, and conse- 
quently an opportunity to learn to 
consider both sides of a question and 
to,arrive at a logical conclusion. Men 
learn to reason things out for them- 
selves and to defend their own ideas 
against the attacks of others. 

With the atmosphere of a_ bull 
session there is a certain air of fellow- 
ship that seems lacking at other times. 
Friendships are made, and personali- 
ties are seen in an entirely new light. 
One has a feeling of mental relaxation 
that is a welcome respite from the 
daily routine, and for.a brief while the 
bull session takes us into fields where 
things are not as they really are but as 
our imaginations would have them be. 
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A Small Iron Removal Plant has 
recently been set up in Red Bank, New 
Jersey, which is unusual in that pres- 
sure filters instead of the usual gravity 


filters are used. The amount of iron 
present averaged two and one-half 
parts per million of water—enough to 
stain badly. 

The total supply was obtained from 
two wells, one being located in the 
opposite side of town from 
the other. Because of the fact 
that the segregated well pumps 
were started and stopped at 
a distance from the reservoir, 
it was necessary to have the 
treatment works operate as near 
automatically as possible with- 
out danger of the filters becom- 
ing dry or running over in the 4 
absence of the attendant. This  / 
latter requirement largely deter-  { 
mined the use of pressure filters 


. p reservoir 
in preference to open gravity 
ones. As a result, constant at- 

, : re tii (Prsseeere 
tendance is avoided, smaller Alte r Alter Li ter. 
washwater tanks were used, and 
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the cost was cut tremendously. 

The raw water is pumped 
first to a simple cascade type 
of aerator from which it flows 
downward through three pres- 
sure filters. Thence, upto a wash- 
water tank from which it spills 
over a weir into the distributing 
reservoir. 

The three filters are of the standard 
pressure type, equipped with perfor- 
ated pipe under drains, 16 inches of 
graded gravel and 27 inches of sand 
having an effective size of .43 mm. 
and a conformity coefficient of 1.48. 
A difference to be noted, however, is 
the omission of the wastewater con- 
nections on the effluent side — by 
reason of the fact that all filtered water 
passes through the washwater tank on 
its way to the distributing reservoir. 
The filters are thus back-washed from 
the tank through the effluent connec- 
tion and by the filtrate furnished by 
the two units in service while one is 
being washed. Because of this arrange- 
ment, the Venturi tubes were placed 
on the raw water pipes instead of on 
the effluent pipes as is customary. 


A New Process for Staining Mor- 
tar and Concrete has recently been 
developed in Germany. It is claimed 
that the process will improve both the 
quality of the stained material and also 
lower the cost. Hitherto, concrete has 
been stained by employing certain 
earth colors and metallic oxides called 
*‘cement colors.” A large quantity of 
stain was required which made the 
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process costly and also endangered the 
strength of the material. By the new 
process the colors are ground with cer- 
tain inorganic salts either dry or in 
water solution and then are added to 
the mortar or cement. The addition 


of the salts makes the colors more 
lasting and of a more intense hue, and 
at the same time reduces the amount 
added. 
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Electrical Detector of Methane. 
This device is designed to prevent coal 
mine explosions caused by the pres- 
ence of “fire damp ”’ or methane. The 
detector is a result of research inaugu- 
ated by mine operators and degislators 
of Utah to prevent a recurrence of dis- 
astrous mine explosions in that state. 

The basis of the detector is a small 
platinum coil heated to a constant 
temperature. Slightly heated platinum 
has the property, when in the presence 
of a combustible gas, of increasing 
in temperature. The increase is in 
direct proportion to the amount of 
gas present. 

The coil is connected to a storage 
battery by which it is heated, the cur- 
rent from the battery being maintained 
constant by an automatic control. 
Any variation in the temperature of 
the coil is therefore due to the presence 
of methane in the atmosphere. The 
temperature of the coil is registered on 
a dial indicator which is calibrated to 
indicate the concentration of methane 
in the air. Surrounding the hot coil are 
gauze bonnets to prevent an explosion 
from this source. 

The device is portable and can be 
attached to a telescopic stick of any 
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length, making it possible to explore ali 
parts of a mine without difficulty. The 
apparatus detects the methane in- 
stantaneously, accurately, and with 
great simplicity. 

The new detector will supplant the 
inadequate devices now being used for 
the purpose, and its use is expected to 
put an end to much of the loss of human 
life in coal mine disasters. 

A Flying School for the 
training of airship crews of the 
future has recently been de- 
signed in anticipation of the day 
when dirigibles will be the prin- 
cipal means of swift transpor- 
tation of freight and passengers. 

The idea of a training ship is 
not new, but the present idea 
is to build a training dirigible 
which though inexpensive will 
be large enough to afford train- 
ing experience identical with 
that obtained on a full size 
craft. It will have a maximum 
speed of 80m.p.h. and a cruis- 
ing speed of 65 m.p.h. Internal 
corridors will make all parts of 
the ship accessible during flight. 
The outer cover will be coated 
with an aluminum preparation 
making it fireproof and 
weatherproof. The classrooms, 
capable of seating fifteen to 
eighteen students, will be in 
the rear portion of the dirigible. 

The ship has been designed with the 
idea that there is no substitute for ac- 
tual experience in the operation of a 
dirigible. The training will also in- 
clude a thorough ground instruction in 
theoretical training, the dirigible pro- 
viding the necessary finishing touches 
for the safe and efficient operation of 
the proposed super-dirigibles of the 
future. 

High Bridge, New York City’s 
Roman type masonry arch bridge, is 
being reconstructed following the plans 
of the War Department to provide a 
channel at least 15 feet deep surround- 
ing Manhattan Island. 

The bridge is an outstanding ex- 
ample of Roman architecture in the 
United States. It was begun in 1839 
and completed in 1848 to carry the old 
Croton aqueduct across the valley of 
the Harlem River. There are 15 arch 
spans of granite with a total length of 
1,197 feet over abutments. ‘On these 
arches is an attic story containing the 
aqueduct which consists of two 36-inch 
diameter cast-iron pipes and one 90- 
inch wrought iron pipe, laid about 
1864. Only the last will be retained in 
the reconstruction. 
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The reconstruction presented many 
problems such as building a tight coffer- 
dam in a swift river current, maintain- 
ing traffic on the river, on the boule- 
vard, and on eight railroad tracks 
passing beneath the structure. The 
present plans call for the removal of the 
attic story, all of the aqueduct pipes 
and river piers, reinforcement of the 
abutment piers during these operations, 
and the erection of the new arch span. 
The latter will be of a three-hinged 
plate-girder type; 426 feet long, and 
will replace five of the present masonry 
arch piers. The reconstruction will cost 
$1,190,300. 

By replacing five of the granite 
arches, which are directly over the 
river, with a steel arch, the greater part 
of the historic bridge is preserved and 
its hindrance to navigation removed. 


Prevention of Lime Deposits in 
Water Mains. It frequently happens 
that lime introduced into water sup- 
plies to reduce hardness attains such a 
concentration as to deposit itself in 
the water mains. Until lately no prac- 
tical method had been devised of obvi- 
ating this difficulty. 

A scheme was proposed lately be- 
fore the American Chemical Society by 
which carbon dioxide is introduced into 
the softened water. The carbon dioxide 
reduces the tendency to deposit cal- 
cium carbonate crystals. The gas is 
introduced by means of an apparatus 
that is largely automatic. It consists 
principally of a combustion chamber 
for the oxidation of the carbon; a 
washer where the gas is cleaned and 
cooled to normal temperature; a dryer 
for removing any moisture that may 
come mechanically with the gas; and 
a compressor which raises the pressure 
to the point where it goes into solution. 
Diffusers in recarbonation basins uni- 
formly diffuse the gas into ,the water. 


A New Type of Electric Loco- 
motive. Increased production at a 
central Pennsylvania coal company’s 
mines coupled with conditions existing 
there, led the company to purchase 
Baldwin-Westinghouse 2214-ton loco- 
motives developed especially for use 
under those conditions, instead of the 
15-ton locomotives they had been 
using. Of the two miles and a quarter 
over which the locomotives operate, a 
mile and a half is over grades averag- 
ing four per cent, running as steep as 
six per cent, and there are several 150- 
foot curves. The track has a gauge of 
three feet. The cars weigh 2700 pounds 
apiece, and hold 3000 pounds of coal. 
The} average train consists of fifty- 
three loaded cars. Developing the loco- 
motives in‘a single unit within the 
height limitations set by the company 
was a notable feat. 

They are six-wheeled, and have three 
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motors of 90 horsepower apiece. These 
motors are controlled by a master- 
controller and nine magnetic unit 
switches. Of these, two set the motors 
either in series or in parallel, while the 
rest operate as accelerating switches. 
The nine are operated by magnetic 
action, and are placed at the opposite 
end from the engineer. This arrange- 
ment confines all arcing to the unit 
switches, and protects the engineer in 
the event of a short circuit. 

The frames of the locomotives are 
cast steel. The wheels are thirty-six 
inches in diameter and have steel tires. 
The front and rear pairs are flanged. 
The center pair is flangeless and wider 
than the others. This aids in negotiat- 
ing the 150-foot curves. The whole, 
excluding the trolley, is but 491% inches 
high. 

The performance of the new locomo- 
tives is very satisfactory. They make 
an average of twelve trips per day, with 
an average of fifty-three loaded cars 
per trip. The track handles a peak load 
of sixty cars, and the locomotives 
handle these easily, not yet having 
been taxed to their limit. 


The “‘Duck,”’ a new airplane of un- 
usual design is the latest product of a 
German aircraft firm. The machine 
reverts apparently to the earlier prac- 
tice of the Wright Brothers in having 
the horizontal tail surfaces ahead of 
the large plane instead of to the rear 
as is the standard practice today. 
When in flight, this produces an im- 
pression of flying backwards as com- 
pared to the usual mode of flying. 

The object of the new arrangement 
is to lessen the danger of stalling in the 
air. By this is meant the nosing up of 
a plane until the lift is lost. When this 
happens the machine usually gets out 
of control and there is danger of its 
going into a spinning nose dive. In an 
ordinary plane the proper maneuver 
when approaching a stall is to nose 
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down. The “Duck” is supposed to do 
this automatically. This is accom- 
plished through the fact that the for- 
ward horizontal surfaces being at a 
greater angle of incidence than the 
large wing lose their lift first when the 
plane noses up. Being placed ahead of 
the center of gravity the forward part 
of the airplane loses its support. The 
result is that the machine noses down 
and normal equilibrium is restored. 
This theory has been substantiated by 
tests in flight and exhaustive wind 
tunnel tests. 

Another advantage of the design is 
the elimination of danger from turning 
over when landing. The position of 
the wheels so far behind the forward 
end of the craft is responsible for this. 
It is practically impossible for the ma- 
chine to tip over forward no matter 
how poor the landing may be. 

The reason for having such an ex- 
tremely large rear fin and rudder is 
that a plane to be directionally stable 
must have the larger part of its lateral 
area behind the center of gravity. 
When a side gust of wind strikes the 
machine it will then head into the wind 
without danger of spinning. Because 
the “Duck” naturally has considerable 
lateral area ahead of the center of 
gravity, this must be compensated by 
a correspondingly large fin area aft. 

Improvement in aerodynamic safety 
was the object in view when the 
“Duck” was designed. It may be con- 
sidered a distinct advance in this re- 
spect. 

A New Metal Cleaner has been 
suggested by Messrs. Groggins and 
Scholl of the color laboratory of the 
Bureau of Chemistry, Ortho-dichloro- 
benzene, a by-product of the manu- 
facture of para-dichlorobenzene, mixed 
with chalk has proved a very effective 
remover of metal tarnishes. As ortho- 
dichlorobenzene is almost waste, the 
new cleaner probably will soon be of 
commercial importance. 
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Reverting to early practice, the tail surfaces are placed ahead of main wing. This arrangement 
helps prevent stalling 
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ELECTRICAL ENGINEERING 
DEPARTMENT 


HE Graduate Research Labora- 

I tory of the Electrical Engineering 

Department endeavors to pro- 
vide, in an atmosphere of encourage- 
ment and community interest, the 
physical facilities and guidance of ef- 
fort necessary for the proper conduct 
of graduate experimental work. The 
educational objective of graduate study 
is to enlarge the depth and thorough- 
ness of knowledge and at the same time 
cultivate to the fullest extent initiative, 
scientific inquisitiveness, perseverance, 
and resourcefulness. The relationship 
of physical phenomena to mankind is 
an equally important aim of the gradu- 
ate educational process. This objective 
necessarily requires intense specializa- 
tion in some phase of the art, preferably 
that phase which is most interesting 
to the student. As a result the inves- 
tigational work in this division of the 
department is highly individual and 
specialized. The type of graduate in- 
vestigations carried on is determined 
by two factors: the first, the most im- 
portant, is the educational value to the 
student; the second consideration is the 
possible use to the art. Even though 
educational value is given the greater 
stress in determining the type of grad- 
uate research conducted, many of 
these researches unfold new fields of 
importance to the art. These new fields 
usually are followed up and carefully 
studied by means of departmental in- 
vestigations which frequently last over 
a period of years. 

To one unacquainted with true re- 
search the general appearance of this 
laboratory is disappointing. The popu- 
lar conception of research equipment is 
in terms of expensive, pretentious look- 
ing measuring devices and machines; 
all interconnected with military pre- 
cision. Such equipment is not of much 
value except for show purposes and the 
conducting of routine tests or meas- 
urements. The true research labora- 
tory is engaged in bringing to light 
the unknown, which requires the con- 
struction of special machines and 
measuring devices in order to delve 
deeply into new fields of inquiry. Actual 
research equipment hence is generally 
in the transition stage and, of course, 
made by the investic-tor himself. 
When possible, as a time saver, stand- 
ard equipment is taken and ingeniously 
converted to the performance of duties 
unthought of by its original. designer. 
As can now be guessed the equipment 
and set-ups present a rather temporary 
appearance, but rightly so. Such an 
appearance may be interpreted in terms 


of worthwhile original work which is in 
progress. 

All members of the Electrical Engi- 
neering Department staff may be con- 
sidered as on the staff of the research 
division since any investigational prob- 
lem worthy of graduate effort may be 
conducted under their direction within 
the research laboratories. However, for 
purposes of administration and cen- 
tralization of authority the division is 
under the direction of a committee 
headed by Prof. Vannevar Bush. 

In order to carry on the larger de- 
partmental investigations there are 
attached to the research laboratory 
three, sometimes more, research assist- 
ants who are appointed for a period of 
twelve months only. These men are 
graduates of excellent colleges who 
have had at least a year of practice or 
teaching and who desire to spend a 
further year in specialized study lead- 
ing to a higher degree. Besides carry- 
ing out departmental investigations 
each assistant acts as a supervisor to 
perhaps a dozen or more graduate stu- 
dents in the experimental conduct of 
their researches. The annual selection 
of research assistants is from a large 
list of applicants and is such that as a 
group it is well balanced. That is, one 
man may be a practician in bent, an- 
other be typically theoretical, still 
another may have about equal practi- 
cal and theoretical bents. That such 
a well balanced working unit should be 
discarded and another recruited each 
year with the attendant possibility of 
retarding the work in process is, at 
times, criticized; however, this is with- 
out due consideration. It is granted 
that commercial research -cannot. be 
economically conducted under the 
policy of a yearly staff turnover. 
However, the Institute is engaged in 
the business of education and purposely 
risks sacrificing time on its research 
problems in order to offer most unusual 
educational opportunities to the great- 
est number of qualified men. 

A recent notable accomplishment of 
the Research Laboratory, the result of 
several years of effort, is the bringing 
to perfection the electrical integrating 
machine. This machine can solve a 
second order total differential equation 
with either constant or variable co- 
efficients, or it can solve two simul- 
taneous first order equations of this 
type. Such a machine is of inestimable 
value to the engineer as it can quickly 
perform mathematical feats which are 
usually only within the scope of ac- 
complished mathematicians at a great 
expenditure of time. 

Two very interesting pieces of work 
are now in progress. One is the inves- 
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tigation of dielectric breakdown ‘with 
the hope of establishing a more ade- 
quate theory for this phenomenon. As 
a part of this investigation there was 
developed an automatic testing ma- 
chine into which a roll of dielectric, 
such as paper, can be fed and there is 
graphically recorded on a chart the 
breakdowns and the value of potential 
at which each breakdown occurs. In 
this way data for thousands of rup- 
tures could be secured on any one di- 
electric material within a compara- 
tively short period of time. Incidently 
the machine also controls the tempera- 
ture and humidity conditions as desired. 

The other particularly interesting 
work going on is the construction of an 
improved Cathode Ray Oscillograph. 
One is acquainted with the usual oscil- 
lograph vibrators and the fact that 
their mass impose a definite limitation 
to the types of phenomena that can 
be studied by their aid. Since the 
Cathode Ray OQOscillograph has as its 
moving element a direct stream of 
electrons which can be deflected by 
either electrostatic or magnetic fields 
we have essentially an oscillograph 
vibrator of negligible mass. There is 
also the added advantage that if the 
electrons have sufficient velocity they 
will leave their trace on a photographic 
plate or film. The completion of this 
apparatus will give a means of study- 
ing transient phenomena at present 
beyond the range of our existing equip- 
ment. 

Contemplated work in the Research 
Division includes the building of an 
alternating current calculating table. 
Due to the complexity of the trans- 
mission networks of present-day inter- 
connected power systems the manual 
calculations of the effects of short cir- 
cuits or sudden changes of large blocks 
of load become impractical and at times 
impossible. The contemplated calcu- 
lating table provides a means of dupli- 
‘ating in miniature a power system of 
generating stations and their inter- 
connecting net work of wires and sub- 
stations. On this miniature system 
short circuits or loads may be applied 
or changed at will and conditions of 
currents, voltages, and power meas- 
ured. The equipment on this table is 
to be adequate for the representation 
of seven generating stations and one 
hundred loads or lines, the number 
and magnitude of the stations and 
loads to be susceptible to easy varia- 
tion. Such a table will be able to an- 
swer definitely many questions; about 
which we are now in a position to only 
hazard an answer. 

Anewintegrating machine isplanned; 

(Continued on page 40) 
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suit, and if he works for an advanced 
degree, still other years are devoted to 
progress in the same direction. During 
all this time no systematic effort has 
been made to understand human na- 
ture and human relationship and his 
ideas on these important subjects are 
merely those which he has picked up 
at random and are likely to be largely 
erroneous. And yet, when he goes out 
into the world to do his constructive 
work, he is nearly sure to find that he 
is beset at almost every turn with diffi- 
cult and vexing problems having to do 
with the human equation and with 
personalities inevitably associated with 
him. Then he will learn by costly and 
often bitter experiences that these 
human problems must be answered. 
He will become aware of the existence 
of envy, jealousy, spite, hatred, malice, 
selfishness, avarice, arrogance, injus- 
tice, falsehood, double-dealing and 
other hateful and destructive influ- 
ences. He may even discover, to his 
surprise, that he is not wholly free 
himself from some of these human 
blemishes and failings. In any event, 
he will have to meet them and defend 
himself from them as best he may, or 
run the risk of being overwhelmed by 
them. 

Some of my hearers may think that 
I am taking a very gloomy view of 
human nature and that I must think 
that most of mankind are knaves. On 
the contrary, I believe that the ma- 
jority of people are essentially honest 
and generally try to be just. But one 
can scarcely live long in the world of 
affairs and not realize that it is not 
safe to assume that everybody always 
means well. It is not good to be over- 
suspicious, but it is best to be on one’s 
guard. Further than this, it often 
happens that there is a contention 
where all of-the parties thereto are 
reasonably honest and intend to be 
fair. When this comes to pass it is 
especially important for our young 
man to well understand both his rights 
and his duties and it should be remem- 
bered that rights always imply corre- 
sponding duties. 

Now a question presents itself and 
demands an answer. Is it necessary 
that young men crammed with learn- 
ing should go out into the world with 
no systematic preparation for dealing 
with these unescapable human prob- 
lems and be obliged to solve them un- 
aided, out of their, as yet, scanty stock 
of practical wisdom? Is it not possible 
and is it notrhighly desirable that an 
institution like the M. I. T. should 
have, for the junior and senior years, 
a chair called “Humanics” or some 
other appropriate: name, which would 
undertake to instruct students in the 





THE TECH ENGINEERING NEWS 


Knowledge Plus Wisdom 


(Continued from page 6) 


fundamentals of human relationship 
and move them to think seriously 
about this subject. It would prepare 
them to some extent to meet inevitable 
problems and would in many cases call 
their attention to their own shortcom- 
ings. I think “‘Humanics” would be 
the best name for this chair. It is 
short and very expressive. The word 
is not given in most dictionaries, but 
Webster’s International mentions it, 
not in the regular list, but in a foot- 
note, and says it israre. That is all the 
better. It is defined as: “Study of 
human nature.” This may seem to 
you to be a wild scheme. I, however, 
believe great good could be accom- 
plished through it. 

As I see it, the incumbent of the 
Chair of Humanics, or whatever it 
might be called, should be a graduate 
engineer of at least fifteen years of 
active service in his profession, ren- 
dered in various places and positions. 
It would not be necessary that he be 
preéminent as an engineer, but he 
should be of fine personality, with a 
alm temperament and an abundance 
of tact. A magnetic and friendly type 
with sound sense would be very strong, 
for it would be necessary for him to 
have a much more intimate acquaint- 
ance with the individual members of 
his classes than is required of others 
of the teaching force. He should be 
on terms of personal friendship with 
as many of his students as possible and 
be regarded by them as a sort of second 
father. He should give intense study 
to h’s subject and inspire confidence 
by his ready familiarity with all its 
details. Such a man would be a great 
acquisition for any college, but more 
especially for a school where engineer- 
ing is taught in all its branches. Such 
a man might not be easy to find, but 
there are such men. It would in my 
opinion be better to have a man who 
was not a professional engineer if he 
had the other qualifications, than the 
reverse. 

It may not be easy to see, at first 
glance, how enough could be said on 
the subject of human relations to be 
spread out over courses of weekly lec- 
tures covering two school years. If 
half the hour were given to the lecture 
and the remainder of the time were 
devoted to questions and discussions, 
it would be found that there was 
plenty to say. If it were attempted to 
cover such a subject in one lecture, or 
even in several lectures crowded to- 
gether, the matters dealt with would 
not be properly assimilated or remem- 
bered. The multiplication table can- 
not ordinarily be learned in one lesson. 
The topics must be presented again and 
again in a variety of ways, if the stu- 
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dent is to derive substantial and lasting 
benefit. 

Let us consider for a moment a ten- 
tative division of the subject under a 
number of heads. 


1. The proper attitude under varying condi- 
tions of a young engineer toward his employer, 
whether an individual or a corporation. 

2. His attitude toward superior officials. 

3. His attitude toward those of equal rank in 
the business. 

4. His attitude toward officials of less rank. 

5. His attitude toward the rank and file. 

6. His attitude toward the lowest grade and 
least intelligent of workers. 

7. His attitude on compensation. 

8. His attitude on promotion. 

9. His attitude on his effort to render service. 

10. His attitude when he believes himself 
unjustly treated. 

11. His attitude when maligned. 

12. When it is best to change jobs. 

13. The consideration of increasing value as 
service lengthens, contrasted with new oppor- 
tunities. ; 

14. Getting along with uncongenial and dis- 
agreeable people. 

15. Getting along with insincere and dis- 
honest people. 

16. What things are worth contending for and 
what are not. 

17. When and how much should one concede 
or sacrifice. 

18. The need of caution when entering into 
contracts. 

19. The need of trying to discover and under- 
stand the other man’s point of view. 

20. The realization that the most satisfactory 
business is where everybody makes a fair profit. 

21. Poor service is dear at any price. 

22. The value of optimism. 

23. The great value of discretion. 

24. The value of eating and sleeping well, 
whatever happens. 


Here are two dozen headings, each 
one of which would furnish material 
for a lecture, and the field, I am sure, 
is not half covered. ,Can anyone doubt 
that the young man would profit 
greatly by thorough discussion and 
serious consideration of all such topics 
under competent leadership? If, after 
two years attendance at such a course 
of lectures and discussions, he should 
bring away nothing but the conviction 
that one of the greatest mistakes a 
man can be guilty of is to make an 
important decision while angry, or in 
any abnormal state of mind, it would 
justify his having taken the course. 
Pope, in his “Essay on Man”’ says: 
The proper study of mankind is 
man.” As a man of letters and a poet, 
science then being in the cradle, politics 
a limited field and “big business”’ un- 
born, he naturally decided that man 
was the proper study of his kind. Put 
it a proper study and I will agree 
heartily. We have got to study him 
some time or suffer the consequences, 
so we might as well begin when young 
in order that it may do us the most 
good. I have had my own experiences 
in a life of active endeavor and I know 
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what such instruction would have 
meant to me at critical times. 

Various institutions of learning have 
their chairs of Philosophy. Courses are 
given in logic, both deductive and in- 
ductive. I, myself, had a taste of 
philosophy under the late Professor 
Howison and a mouthful of formal 
logic also. As a matter of fact I have 
much doubt that either of these studies 
has ever helped me much in my efforts 
to disentangle truth from error. It 
may be that there are other studies 
taught in the schools and colleges 
which tend somewhat toward the un- 
derstanding of Humanics, but I feel 
quite sure that nowhere has this sub- 
ject been taken up in the definite, 
direct and practical way which I have 
in mind. 

It is not practicable for me to at- 
tempt to discuss any of the subjects 
under the headings just enumerated, 
but I am disposed to touch briefly on 
some of the human qualities which 
help a man on his way in his business 
career and on some which retard his 
progress, sometimes to the point of 
cessation. It can be readily seen that 
these qualities, both good and bad, 
have a direct bearing upon the sub- 
jects which fall under the different 
headings. 

I think of the fine human qualities 
as being positive or constructive in 
their nature. They segregate, build up 
and strengthen. On the other hand, 
the mean and bad qualities I think of 
as being negative or destructive. They 
disintegrate, tear down and weaken. 
I am not speaking as a moralist, but 
from the practical and, if you please, 
the worldly point of view. You are 
strengthened by all your good qualities 
and weakened by all your bad ones. I 
even believe that an effective test of the 
merit of any quality is whether it is 
constructive or destructive. This is of 
interest to you as applied to yourselves 
and also as applied to your associates, 
for their qualities are either helps or 
hindrances to you according as they 
are good or bad. Thus it is important 
that you should be allied as far as pos- 
sible with people of the right sort. 

Let us consider briefly some of the 
qualities which make for success in the 
world. Honesty and Loyalty are, of 
course, most important qualifications. 
You may be sure that if there is any 
doubt about these, you will never be 
invited to participate in the more inti- 
mate discussions of the management. 
These must be above suspicion. It is 
hardly necessary to discuss the value 
of honesty. Nobody wants to have a 
dishonest person as an associate or an 
employee. The importance of loyalty 
is scarcely less. It is embarrassing and 
distressing not to know whether those 
who work with you or for you are true 
to the cause, or are traitors. Whether 


THE TECH ENGINEERING NEWS 


they feel themselves a part of the or- 
ganization and in full sympathy with 
it, or are coldly critical and virtually 
outside it. As long as one is supposed 
to serve an employer and accepts pay 
for that service, let him be for that 
employer in every honorable way. 
When he cannot do this he should lose 
no time in getting out of the business. 
A poor fellow I once knew, who went 
by the name of Dutch Joe, was charged 
by a patron with not being loyal. This 
he denied vigorously and said with an 
accent which showed his foreign birth: 
‘Whose bread I eats, his song I sings.”’ 
The employee who says our policy, our 
success, indicates that he feels himself 
a part of the business. If he says they 
do this, they want that, when referring 
to the affairs of his company, watch 
him; he is not in full sympathy with 
his job. A certain successful business 
man once said he would not tolerate an 
office boy who did not say “we.” 

Tact seems to me to be a combina- 
tion of self-restraint and common sense. 
It does not need to involve deception. 
Tact goes around an obstacle instead 
of climbing over it or endeavoring to 
smash it. Tact takes the path of least 
resistance and thereby avoids the ex- 
penditure of a needless amount of 
effort or force. Tact is generally con- 
ciliatory, but not necessarily so. It 
will employ the strong arm when that 
serves the purpose better. To have 
abundant tact is to be endowed with 
one of the most valuable possessions. 
While some people seem to be naturally 
tactful, none need be without a fair 
share of it, if they so desire. Children 
sometimes draw the head of a wheat 
straw up their sleeves. If the stem end 
goes first, it moves along without diffi- 
culty. That illustrates tact. Then they 
try to draw it the reverse way and it 
appears to be full of barbs and little 
progress is made. but there is much 
scratching and discomfort. That well 
illustrates tactlessness. 

“Tf thou faint in the day of adversity 
thy strength is small.”’ Courage is ad- 
mirable, but courage tempered with 
discretion is far more desirable. Josh 
Billings says that courage without dis- 
cretion is like a ram with horns on 
both ends. He will have more fights 
on hand than he can do justice to. A 
story I once heard illustrates the idea 
very well. Two boys were in a pasture 
where there was an unbroken colt. 
One dared the other to mount the colt 
and the other refused. The first called 
him a coward and said, “‘ Watch me.” 
He made a jump for the colt without 
taking any precautions and the colt 
wheeled and kicked him, badly injur- 
ing him and rendering him unconscious. 
Now the boy whom he had called a 
coward tactfully approached the colt, 
who allowed him to mount and ride 
for assistance for the injured comrade. 
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Those who have the reckless, dare- 
devil kind of courage often mistake 
discretion for cowardice. Courage and 
discretion work best as complements 
of each other. “An Indiscreet Man 
is more hurtful than an II]-natured one; 
for as the latter will only attack his 
enemies, and those he wishes ill to; the 
other injures indifferently both Friend 
and Foe.” 

Patient persistence, coupled with a 
degree of cheerful optimism, works 
wonders in this world. The exercise 
of those qualities not only keeps our 
own enthusiasm alive, but inspires our 
associates with confidence and awakens 
in them an answering enthusiasm. 
Now enthusiasm is the mother of 
effort, and without it, so said Emerson, 
nothing great was ever accomplished. 
With enough enthusiasm, work becomes 
play, and hard tasks, if they do not 
become easy, become at least inter- 
esting. 

How poor are they that have not patience! 

What wound did ever heal but by degrees? 

Thou knowest we work by wit, and not by 
witchcraft; 

And wit depends on dilatory time. 

People who sulk when things do not 
please them are unfortunate, for they 
are out of harmony with their environ- 
ment and hence work unwillingly and 
are unhappy. Said Seneca: “He who 
willingly submits to another man’s 
command has escaped from the most 
cruel part of servitude; that is to say, 
to do that which he is unwilling to do. 
The most miserable man is not he who 
has a command put upon him, but the 
man that does it against his will.” 
Discreet persistence is a winner. It is 
well illustrated by Polybius as follows: 
“Some men, like unskilled jockeys, 
give up their designs when they have 
almost reached the goal; while others, 
on the contrary, obtain a victory, by 
exerting, at the last moment, more 
vigorous efforts than before.”’ “The 
more powerful the obstacle, the more 
glory we have in overcoming it; and 
the difficulties with which we are met 
are the maids of honour which set 
off virtue.” “A strong mind always 
hopes, and has always cause to hope.” 
Cheerfulness is a wonderful asset. In 
the words of Shakespeare: “‘Thy smiles 
become thee well.”’ 

The man of generous impulses who 
deals with those about him with a 
kindly frankness and who is disposed 
to help and encourage those who need 
it, will reap a rich harvest in good will 
and in moral support when he requires 
it. In short, follow James Russell 
Lowell’s injunction, when he says: 

Be noble! and the nobleness that lies 


In other men, sleeping but never dead, 
Will rise in majesty to meet thine own. 


To quote Thucidides: “. . . those are 
the men to maintain themselves with 
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credit in the world, who never suffer 
their equals to insult them, who show 
proper respect to their superiors and 
act with thoughtful kindness to their 
inferiors.”’ 

While I was writing this article I 
fell to mus‘ng on all the most success- 
ful men I could think of among my 
acquaintances, and the most vivid im- 
pression as to their characteristics that 
remained in my mind was this: that 
they were nearly all men of unusually 
kindly and cheerful dispositions. I 
thought that this ought to be so, and 
the result of my count convinced me 
that it is so. I then concluded that 
these admirable qualities have some- 
thing to do with their success. 

Let us now turn to some of the nega- 
tive and destructive qualities which im- 
pede the progress and diminish the 
usefulness of the young man when 
he has entered into active business 
relations. 

One of the great obstacles to progress 
and prosperity is anger. People when 
angry do all sorts of foolish and un- 
reasonable things. They fly in the face 
of fortune, throw over good positions, 
estrange their friends, lose valuable 
opportunities and prepare for them- 
selves no end of trouble. If you have 
a temper which you cannot always 
control, learn at least to go off some- 
where and wait until you have cooled 
off and become again rational, before 
you undertake to transact business or 
make an important decision. No one 
can possibly give you better advice 
than this. If you think that to show 
anger indicates a high spirit, you are 
mistaken. It merely shows lack of con- 
trol and places you temporarily in the 
ranks of lunatics and fools. You can 
gain great advantage by keeping your 
temper under your thumb. 

According to Shakespeare, “‘Conceit 
in weakest bodies, strongest works.” 
Undoubtedly, Shakespeare was right; 
he generally was. Conceit rattles 
around in heads that have room to let. 
Heads which are well filled with 
Knowledge and Wisdom have little 
space left for conceit. 

You notice that I have just placed 
Knowledge before Wisdom, although I 
have been extolling Wisdom. Well, 
that is the natural order in life. Knowl- 
edge invariably comes before Wisdom. 
Conceit, egotism and vanity in small 
doses give zest to life, but it is one of 
those cases where it does not follow 
that because a little is good, more is 
better. On the contrary, modesty is 
the finest ornament that conspicuous 
ability and great attainments can wear, 
and per contra, “The greatest of faults 
is to be conscious of none.” 

Happy are they that hear their detractions, 

And can put them to mending. 

“Few persons have sufficient wisdom 
to prefer Censure which is useful to 
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them, to Praise which deceives them.” 

Envy, that detestable passion, and 
its militant twin brother, spite, are 
wholly destructive and without either 
profit or excuse. “Envy, the meanest 
of vices, does not enter the minds of 
the noble, but creeps on the ground 
like a hidden serpent.”” “The surest 
proof of being endowed with noble 
qualities, is to be free from envy.” 
“The benevolent have the advantage 
of the envious. for the envious is tor- 
mented not only by all the ill that be- 
falls himself, but by all the good that 
happens to another.” “Jealousy may 
be in some respects just and reasonable, 
since its object is only to preserve a 
good which belongs, or which we think 
belongs, to us; whereas envy is a mad- 
ness which cannot bear the good of 
others.”” The foregoing quotations 
from eminent writers make it plain 
what envy really is, the meanest of the 
passions. Unfortunately, envy is not a 
rare thing, but luckily the possessor of 
it is the greatest and very often the 
only sufferer from it. People often 
say, “I envy you this or that.” It is 
only a loose way of saying that you 
are possessed of something which they 
like or admire and that they desire to 
be similarly provided. They are not 
confessing that they are really envious. 
No wise person will allow envy or hate- 
ful spite to have an abiding place in 
his mind. They are very uncomfort- 
able companions and they waste the 
energy and retard the progress of those 
who harbor them. 

Lord Bacon very well said “. . . he 
that studieth revenge, keepeth his own 
wounds green.”’ And my old friend 
Josh Billings declared “Thare iz no 
pashun ov the human harte that 
promises so mutch and pays so little 
as revenge.” Of course it is quite pos- 
sible that we, or more particularly 
those whom we hold dear. may suffer 
a deliberate injury so great that our 
sense of justice and honor demands 
that the offender shall pay a sufficient 
penalty therefor. But such cases are 
comparatively rare. Most revengeful 
feelings are excited by lesser wrongs or 
fancied wrongs. Little things are con- 
stantly happening which offend us. 
Now if we make grievances of all these 
little provocations and study to “get 
square” with their authors we shall, 
like Josh Billings’ goat with two sets 
of horns, have more fights on hand 
than we can well attend to. Further, 
we shall use up much time and energy 
to no good purpose. It is a great mis- 
take to be too quick with reprisals. 
They do not pay, whatever they may 
promise. Envy, hatred, spitefulness, 
jealousy, revengefulness, malice, these 
are malignant attributes and they will 
exact a penalty from their possessors. 
Avoid them and resist their advances. 
I wish to reiterate, I am not preaching 
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morality. I am trying to expound that 
worldly wisdom which is so closely 
coupled with your success in practical 
life. 

Another group of undesirable quali- 
ties may be summed up under the 
head of hypocrisy and pretentiousness. 
“Hypocrisy is the homage vice pays 
to virtue.” “If the devil ever laughs 
it must be at hypocrites; they are the 
greatest dupes he has; they serve him 
better than any other, and receive no 
wages.”” “He who backbites an ab- 
sent friend, who does not defend him 
when he is attacked, who cannot keep 
a friend’s secret; that man is a scoun- 
drel! Mark him, and avoid him.” 
“He who wishes to do mischief is 
never without a reason.” ‘Traitors 
are hateful even to those who gain by 
their treason.”” The hypocrite pre- 
tends to be what in truth he is not, 
and usually for some evil purpose. 
He is double-faced and false. When 
you detect signs of this quality, be 
doubly on your guard. Pretentious- 
ness is not quite as bad as hypocrisy 
and so easily drops into the ridiculous 
that the possessor is usually the only 
one damaged. I am reminded of an 
impudent but witty rascal who, seeing 
a very pompous looking man across 
the way, ran over to him and touching 
him on the arm said: “I beg your 
pardon, sir, but are you anybody in 
particular.”’ ‘“‘We are never made so 
ridiculous by the qualities we have as 
by those which we pretend to have.” 

Egotism and vanity are compara- 
tively harmless failings, unless carried 
to great extremes. Josh Billings says: 
“There is no kure for vanity; gittin 
thoroly wet comes the nearest to it, 
for the time being.” Both egotism 
and vanity may be so displayed as to 
be very irritating and even obnoxious 
to the beholder, ‘but they are more 
likely to partake of the humorous or 
sometimes of the comic. George Eliot 
likened a certain vain man to a cock, 
who thought the sun had risen to hear 
him crow. “He who gives himself 
airs of importance exhibits the cre- 
dentials of impotence.” There is, 
however, one important aspect of 
egotism and vanity. It is this: if the 
world believes that you are possessed 
of more than an ordinary share of 
these weaknesses, you may find it 
difficult to make the world take you 
seriously when you especially desire 
to be so taken. 

“The gain which is made at the ex- 
pense of reputation should be set down 
as a loss,” so said Publius Syrus. 
Cassio felt the full force of the disaster 
when he exclaimed, “O, I have lost my 
reputation! I have lost the immortal 
part of myself.”’ “Oaths are not the 
cause why a man is believed, but the 
character of the man is the cause why 

(Continued on page 26) 





PROPAGATION OF ELECTRIC CUR- 
RENTS IN TELEPHONE AND _ TELE- 
GRAPH CONDUCTORS. By J. A. Fiemine, 
M.A., S.Se., F.R.S. D. Van Nostrand Company, 
Inc., New York. Price $8.00. 


In the fourth edition of this book, well known 
to students in power transmission and communi- 
cation fields, the text is identical with that of 
previous editions except for the addition of a 
new chapter covering recent advances in the 
construction and use of lines and cables. As 
the title indicates, the author is niainly con- 
cerned with the theory of propagation of electro- 
magnetic waves on parallel wires and in cables. 
While some consideration is given at various 
places throughout the book to measurements, 
plant and practice, the theoretical aspects of the 
problem are distinctly emphasized. 

In the mathematical introduction the author 
reviews the mathematics of complex quantities 
and of hyperbolic trigonometry in an illuminat- 
ing manner, with various graphical interpreta- 
tions, summarized by tables of useful formule. 

Following the derivation of the equations of 
wave motion from the differential equations of 
the system, a mechanical analogy is given to 
illustrate the electric and magnetic forces which 
are set up. This analogy is likely to prove con- 
fusing if read too literally. Starting with the 
assumption of an applied rectangular wave of 
e.m.f., the formation of waves and their propa- 
gation along a line is considered very briefly. 
Transition is then made to the application of 
sustained sine e.m.fs, under steady state con- 
ditions only. In treating of the propagation of 
the wave front, account is taken of reflections 
at the distant end of the line, on the basis of a 
“stretching” of the lines of electric strain in the 
case of an open line, and on the basis of the 
disappearance of these lines in the case of a 
short-circuited line. The steady state solutions 
cover the various cases — “‘infinite”’ lines, finite 
lines with open and short-circuits at the far 
ends, as well as finite lines with loads of various 
impedances. 

Under “Principles of Telephony” a discussion 
is given of Fourier’s theorem as applied in the 
arbitrary analysis of complex wave forms, in 
cases where the coefficients of the system are 
constant. No mention is made of the inapplica- 
bility of this conception in treating systems 
involving non-linear coefficients. The develop- 
ment of “distortionless’’ and “‘loaded” circuit 
theory follows the work of Pupin and Campbell. 
An interesting mechanical device for showing 
waves on loaded strings is described, which 
serves in a beautiful manner to visualize the 
performance of electrical lines. 

In the study of propagation of waves in sub- 
marine cables, consideration is given to the 
calculation of arrival curves for simple trans- 
mitted signals, as a means of illustrating the 
distortion and lack of definition obtained in the 
signals as received over long cables. Some space 
is devoted to means for increasing the speed of 
transmission over cables, as dependent upon the 
system of operation used, multiplex circuits and 
the alteration of the cable constants by perm- 
zlloy wrappings. 

The author touches upon the propagation of 
very high frequency waves on wires, where the 
cimensions of the system become large compared 
with the wave length. More complete exposi- 
tions on this subject may be obtained from 
literature dealing with radio frequencies. Deal- 
ing with extremes, the author also considers the 
propagation of very low frequencies. These 
considerations are of use when as many channels 
of communication as possible are to be main- 
tained on a given pair of wires. 

Standard methods of measurement of line and 
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cable constants, as well as the measurement of 
inductance, resistance and capacitance, are de- 
scribed, but in considering apparatus, the book 
deals entirely with British equipment, which 
makes this section less useful to the engineers of 
this continent. 

In the new chapter covering recent advances 
in the art, the examples given are disappoint- 
ingly behind the times, due undoubtedly to the 
time required to prepare and print the book. 
Special constructions in multi-wire cables are 
described in some detail; other subjects covered 
include iron-dust cores in loading coils, phantom 
circuits, lump-loaded and uniformly-loaded tele- 
phone cables without ‘“‘permalloy,” and cables 
utilizing “‘permalloy.”’ Thermionic repeaters, 
carrier systems and filters are given a very brief 
description. 

To the student in electrical engineering, inter- 
ested in the transmission of small or large 
amounts of power over lines and cables, this 
book will serve as a valuable reference. 


James K. CLapp. 


STEEL AND ITS HEAT TREATMENT. 
By D. K. Butiens. John Wiley & Sons, Inc., 
New York, 1927. Chapman and Hall, Ltd., Lon- 
don. 564 pages, illustrations, diagrams, tables. 
Price $4.00. 


This book was originally written to give the 
layman a general knowledge of the heat treat- 
ment of steel, and of the properties of heat- 
treated steel. 

The third edition, just published, brings the 
work up-to-date, and in addition contains much 
hitherto unpublished material. The first section 
of the book deals with the metallurgical phase. 
There are many excellent-photomicrographs in 
this section as well as charts and tables. 

The second section deals with the engineering 
phase and discusses various alloy steels. The 
most recent work on “Molybdenum Steels,” 
“Tungsten Steels,” “‘Uranium, Zirconium and 
Cerium Steels,” and “‘Chronium Steels” is dis- 
cussed at length. High speed steels are also very 
thoroughly dealt with, and are illustrated with 
photomicrographs. 

The production phase is taken up in the third 
section. This treats of the principles and prac- 
tice of industrial heating as applied to heat- 
treating processes. A very interesting chapter 
in this section explains the difference between 
“control of temperature” and “control of the 
heat-treated product.” This point, which is not 
generally understood, is explained fully, and the 
way to avoid making errors in temperature con- 
trol in industry, which are so disastrous to 
product and profit, are clearly set forth. Chap- 
ters on “Selection of Heat-Treating Equip- 
ment” and “Electrical Equipment for Heat 
Treating” give the very latest information on 
these subjects. 

The book is written in such a way that a man 
not very well versed in the art of heat treatment 
could understand it and derive a great deal of 
benefit from it. 


J.S. M. 


INTRODUCTION TO CONTEMPORARY 
PHYSICS. By*Kart K. Darrow, Member of 
the Technical Staff, Bell Telephone Laboratories. 
D. Van Nostrand, Inc., New York City. Price 
$6.00. 449 pages, illustrated. 


This book should appeal to all students at the 
Institute as a summary of :the present status 
of atomic and subatomic physics. Dr. Darrow 
published a series of' articles in The Bell System 
Technical Journal which contained a great deal 
of the material now available in this volume. 
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This book, however, is not a collection of 
reprints, but has been completely rewritten so 
as to bring the work entirely up-to-date and to 
avoid repetition. A great deal of the material 
was presented to students at the Institute by 
Dr. Darrow in a lecture course which he con- 
ducted some time ago, which makes this book of 
exceptional interest to Technology men. 

The author discusses the different atom 
models which have been used to explain various 
phenomena and reconciles some of their apparent 
inconsistencies. The atom model is regarded 
as a creation of the scientific inauguration to 
explain some definite phenomena in contrast 
with the experimental atom which has three 
definite physical qualities. These qualities 
which may be called the features of the experi- 
mental atom are mass, magnetic moment, and 
detachable change. All atom models must in- 
clude these qualities as a framework, but then 
they can add other qualities to explain par- 
ticular characteristics. 

The first chapter is devoted to a discussion 
of the experimental electros. Precisely as with 
atoms, the electron of experiment is one thing 
and electron of theory is another. There is an 
experimental electron with a few simple and per- 
fectly definite characteristics which have been 
experimentally determined, and there are many 
electron models which pass additional qualities 
so that the models may be used to copy certain 
phenomena, such, for instance, as those of 
radiation. 

The properties of the experimental atom are 
described in the second chapter and the third 
chapter divides the properties of the elements 
into three classes, those which increase or de- 
crease equally and steadily, those which vary 
periodically, and those which vary irregularly 
along the periodic table. From the data de- 
scribed in the second chapter the nuclear atmo- 
model is constructed to explain the variations 
of the different classes given above. The 
periodic properties are ascribed to outer elec- 
trons, the non-periodic properties to inner 
electrons, and the irregular properties to the 
nucleus. 

The fourth and fifth chapters take up the 
deflection of alpha particles and electrons by 
matter. The nuclear atom-model was originally 
devised to explain the scattering of alpha par- 
ticles by matter, and it is admirably adapted to 
this purpose. The sixth chapter is devoted to a 
consideration of the quanta and wave theory 
of radiation, as much of the material presented 
in the seventh and remaining chapters is de- 
pendent on our understanding of radiation. 
The seventh chapter takes up the detachment 
of electrons from atoms and molecules under 
simple and relatively intelligible conditions. 

Chapter eight is the first of five chapters on 
the stationary states. The author points out 
that “the stationary states are facts of expe- 
rience and not merely theoretical consequences 
of a particular model for the hydrogen atom. 
They constitute the great fact of experience, 
recognition of which makes the difference be- 
tween the physics of the years before 1913 and 
the physics of the years thereafter.” 

The thirteenth chapter considers the conduc- 
tion of electricity through gases. As a great 
many of the facts concerning the experimental 
electron, the experimental atom and the detach- 
ment of electrons from atoms were discovered 
as a result of research on the electric discharge 
in gases, some mention must be made of this 
phenomena. 

The book is very well written, and the illustra- 
tions are very good. This treatise is doubtless 
one of the outstanding contributions to the 
literature of contemporary physics during the 
past year. 
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the oath is believed.”’ While speaking 
of the inestimable value of a good rep- 
utation I cannot omit to mention Josh 
Billings’ version. “‘Tew enjoy a good 
reputashun give publickly, and steal 
privately.” This advice, as far as it 
goes, although somewhat satirical, is 
very practical. 

if a man finds that he has a tend- 
ency to be somewhat insolent to his 
superiors and arrogant with his equals 
and subordinates he had best check 
this tendency and accept the following 
admonition from Shakespeare: ‘‘ Mend 
thy speech a little, lest it may mar thy 
fortunes.”’ Nothing good can come of 
over-brusque manners. 

“Do you wish to instruct? Be brief, 
that the mind may catch thy precepts 
and more easily retain them.”’ Ver- 
bosity fatigues and confuses the lis- 
tener. In Shakespearean phrase: 

He draweth out the thread of his verbosity 

Finer than the staple of his argument. 

“The extreme pleasure we take in talk- 
ing of ourselves should make us fear 
that we give very little to those who 
listen to us.” Josh Billings said: “I 
prefer the gravity of the owl to the 
loquacity of the magpie. It is better 
to look wise than to talk foolish.”’ 
“He who sedulously attends, pointedly 
asks, calmly speaks, coolly answers, 
and ceases when he has no more to say, 
is in possession of some of the best 
requisites of man.” “An able man 
shows his spirit by gentle words and 
resolute actions. ”’ 

Big words do not smite like war clubs, 

Boastful breath is not a bow-string, 

Taunts are not so sharp as arrows, 

Deeds are better things than words are, 

Actions mightier than boasting. 

We certainly have the right to 
defend our opinions. Indeed, it some- 
times happens that it is important or 
even imperative that we do defend 
them, but, it seems to me, it is pos- 
sible to be too controversial and too 
prone to take up the cudgels when the 
victory, if we win it, will be a barren 
one. Heated argument leaves more or 
less irritation behind it and we had 
best be sure that the game is worth the 
ammunition. We do not need to fur- 
nish proof for every belief we hold 
and the average man, . **convinced 
against his will, is of the same opinion 
still.” It is quite certain that some 
people injure their prospects by being 
unnecessarily . argumentative. It is 
also well to remember that “‘it is 
much easier to be critical than to be 
correct.”’ 

The French proverb says: Tout vient 
qui sais attendre. Usually translated, 


**All comes to him who waits.’” Any- 
body ought to know better than that. 
Sais is from savoir, to know. 


If the 
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proverb means anything, it means that 
things come to those who know how to 
wait, the inference being that they are, 
if possible, helping things along while 
they wait. Don’t merely wait for a job, 
hunt it up. Josh Billings says, ‘‘A man 
who kant find ennything to do, gener- 
ally hunts with grate caution.’”’ 

In discussing business matters with 
others, especially with strangers, it is 
better to discreetly let them do most 
of the talking. When you are talking, 
they are learning about you and your 
affairs, if you are dealing honestly with 
them. When they are talking, you are 
learning about them and it is a pretty 
shrewd man who can talk very long 
without disclosing to you a great deal 
that he does not intend you to know, 
provided you listen attentively. ‘‘Na 
ture has given us two ears but only 
one mouth.’’ When you play a game 
of cards, you do not tell what cards 
you hold, but try to figure out the 
hand of your opponent. Nor does he 
show you his hand, but he endeavors 
to ascertain yours. That is business, 
whether you like it or not, and it is 
quite legitimate, if the players do not 
cheat. Sad to say, some players do 
cheat and have to be watched very 
closely. 

Learn to use your analytical faculty 
when considering business matters and 
go to the bottom of your problems. 


Errors, like straws, upon the surface flow; 
He who would search for pearls must dive below. 


This is illustrated by the following: 
“Everyone who enjoys thinks that 
the principal thing to the tree is the 
fruit, but in point of fact the principal 
thing to it is the seed. Herein lies the 
difference between them that create 
and them that enjoy.’”’ , 

People are thought sometimes to be 
lucky and sometimes to be unlucky, 
but the Goddess of Fortune, although 
coy, can be placated to a very con- 
siderable extent. In the words of 
Burns, 


To catch Dame Fortune’s golden smile, 
Assiduous wait upon her. 


**Fate leads the willing and drags the 
unwilling.’’ ‘‘Fortune is not on the 
side of the faint-hearted,’’ and ‘‘ There 
are few chances so unlucky from which 
clever people are not able to reap some 
advantage, and none so lucky that the 
foolish are not able to turn them to 
their own disadvantage.’’ ‘‘ Fortune 
never:appears so blind as she does to 
those on whom she confers no favors.”’ 

It is generally conceded that a 
goodly share of enthusiasm is a. desir- 
able thing to have. It is not so gen- 
erally realized that it is of great 
importance to us how our enthusiasm 
is expressed to others; especially to 
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our superior officers or to shrewd busi- 
ness men whom we wish to impress 
with our own fitness, or with the merits 
of the proposals which we present to 
them. You will note that men of large 
affairs and much experience seldom 
allow their own enthusiasm to approach 
the point of ebulition. They talk about 
matters, over which they are much 
enthused at heart, with calmness and 
a certain cautious reserve, which 
plainly shows that they are not un- 
mindful of instances in the past, when 
very promising things have turned out 
to be disappointments. Now when 
any of you young men have either your 
service or your plans to present to the 
worldly wise, remember that the 
enthusiasm which visibly bubbles and 
overflows through the mouth, and all 
unreasonable cocksureness, are more 
than likely to cause vour listener to 
believe one of two things; that you 
are an honest visionary who makes up 
his mind without sufficient reason, or 
that you are talking in strong terms 
with the intention of deceiving. Enthu- 
siasm is shown to the best advantage 
in the quality and quantity of the work 
you do. 

Being of a somewhat enthusiastic 
temperament, I have often felt, after 
an interview with an able business 
man, that I had not used good judg- 
ment in the presentation of my case. 
In fact, that I might have prejudiced 
my case by appearing oversanguine. 
Thoughtful men of affairs are much 
more impressed by moderate state- 
ments backed up by sound reasoning 
and cold facts than they are by for- 
cible statements with weak support 
when they ask for the proofs. 

One’s choice of friends is a very 
important matter. They should be 
chosen from among our superiors in 
position and attainments when pos- 
sible, or from our equals at least. Then 
we may profit by their Knowledge and 
strength. ‘‘Makenota Bosom Friend 
of a melancholy soul; he'll be sure to 
aggravate thy adversity, and lessen 
thy prosperity. He goes always heavy 
loaded; and thou must bear half.’’ 
**Consider again and again the char- 
acter of the man whom thou recom- 
mendest, lest the faults of another 
should, by and by, bring a blush to thy 
cheeks.’’ ‘‘Take care that no one 
hate you justly.’’ Josh Billings says: 
*“*When you cum akrost a man that 
neither flattery nor abuse wont stimu- 
late, let him alone, he has gone to seed.”’ 
**It is with narrow-souled people as 
with narrow-necked Bottles; the less 
they have in them, the more noise 
they make in pouring it out.’’ 

Go about things calmly and thought- 

(Continued on page 30) 
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material in the floor system will be 
structural carbon steel with a minimum 
strength of 58,000 Ibs. per square inch. 
Fifty-six per cent will be silicon steel 
with a minimum strength of 80,000 
Ibs. and 6 per cent will be nickel steel 
with a minimum strength of 90,000 Ibs. 
The respective basic permissible unit 
stresses in tension are 20,000, 27,000 
and 33,000 Ibs. per square inch. 

The lower deck is to be omitted at 
first and erected after the opening of 
the bridge for initial capacity. The 
passenger traffic studies indicate that 
demand for it may arise within ten 
years after the opening of the bridge 
for vehicular traffic, and _ possibly 
earlier. At that time the lower floor 
may be proportioned to carry up to 
eight rapid transit tracks, since the 
suspenders, cables and towers will have 
ample strength to carry this additional] 
load. 


Horizontal 
Systems 
For the sake of structural simplicity 
and to avoid ambiguous distribution 
of load, the cables and suspenders 
have been arranged in two vertical 
planes and the floor frames are there- 
fore suspended at two points only, 
one on each side of the floor. In the 
planes of the suspenders, the cables 
hang almost perfectly free except 
insofar as they are restrained in their 
vertical and horizontal deformations 
under load by the relatively flexible 
floor. The great weight of the cables 
themselves and that of the floor sus- 
pended from them lend them ample 
stability and rigidity and do not 
necessitate as rigid a stiffening as that 
of smaller and lighter suspension 
bridges. In fact, the relatively shallow 
stiffening trusses placed along the floor 
between the upper and lower deck are 
an outstanding characteristic of the 
proposed design. While supplying 
ample local rigidity, they are suffi- 
ciently flexible to follow the deforma- 
tions of the cable as a catenary. Being 
relatively inconspicuous, these trusses 
enhance the simple, light and graceful 
appearance of the structure. At the 
same time they effect far-reaching 
economy when compared with the 
rigid system of smaller bridges. In a 
bridge of this size, in which every 
pound of steel wasted in the floor 
means another pound wasted in the 
suspenders, cables, towers and anchor- 
ages, which have to carry it, such 
economy runs into millions of dollars. 
The horizontal or wind stiffening 
systém in the plane of the upper floor, 
whose chords form the upper chords of 
the vertical trusses, while amply rigid 
to resist the heaviest wind pressure, is 


Vertical and Stiffening 
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likewise comparatively flexible, with 
the result that in deflecting it produces 
effective counteraction by the heavy 
suspended cables, and is thus relieved 
of a large part of its wind load with a 
resulting marked saving in metal and 
cost. 

Thus the characteristic of the sus- 
pension type of long span, the stability 
and inherent rigidity of its heavy 
suspended cables, is made use of to the 
fullest possible extent. 

The members of the stiffening trusses 
will be partly of Carbon steel and 
partly of Silicon steel. The permis- 
sible stresses are the same as in the 
floor system. 


The Cables 

The cables naturally form catenaries. 
In the center span the latter forms a 
relatively flat and graceful curve, the 
sag at the center being only 325 feet, 
or about one eleventh of the span 
length. In the side spans owing to the 
short length of the latter, the catenary 
is only slightly curved and falls at a 
steep angle towards the anchorages. 
As already explained this arrangement 
is dictated by economy, as well as by 
the topographical conditions. 

From the inception of the project it 
was realized that there were available 
for the cables two types which could 
compete economically, namely the 
cable composed of parallel high tension 
drawn steel wires, and the cable com- 
posed of high tension heat treated 
forged eyebars. 

Both of these types have reached a 
high degree of perfection in American 
Bridge construction and both make 
excellent and safe tension members for 
suspension bridge cables. 

Owing to the large cost involved, 
and the desirability of widest possible 
competition, it was decided from the 
beginning of the studies that plans be 
prepared and competitive bids be 
invited for both types. The general 
design of the bridge was peculiarly 
adapted for the use of either type. 

Bids were called for not only upon 
the two types of cables, but upon 
various alternate arrangements, such 
as cables of each pair placed side by 
side or one above the other, and cables 
erected simultaneously or successively, 
as more fully explained hereinafter, 
thus giving the bidders wide latitude 
in applying their ingenuity, experience 
and facilities in developing the most 
economical methods of fabrication and 
erection. 

For the two types of cables and the 
various alternate arrangements unus- 
ually elaborate plans and specifications 
were prepared, covering every detail 
of the structure. 
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The question of selection of the type, 
after bidding, therefore, | ecame essen- 
tially one of cost. Wire cables proved 
to be lowest in cost and were therefore 
selected. 

In accordance with the adopted 
design there will be two pairs of wire 
cables, one pair on each side of the 
floor. The cables of each pair will be 
erected successively side by side. 

Each cable will be three feet in 
diameter and will be composed of 
61 parallel strands of approximately 
41% inches diameter. Each strand will 
have 434 No. 6 galvanized steel wires 
of 0.196 inches diameter so that each 
cable will contain 26,474 wires of an 
aggregate sectional area of 800 square 
inches. 

The cables will be tightly wrapped 
with a layer of galvanized wire of 
0.148 inch diameter. Each cable will 
have to sustain a maximum pull of 
65,400,000 Ibs. or at the average rate 
of 82,000 Ibs. per square inch of metal. 

The material of the wires is specified 
to be, manufactured by the open- 
hearth or the electric furnace process 
and to have an average minimum 
tensile strength, when tested after 
galvanizing, of 225,000 lbs. per square 
inch. Each of the cables will, there- 
fore, have a strength of about 180,- 
000,000 Ibs. 

A comparison of the size and strength 
of these cables with those of a number 
of other suspension bridges is given in 
the accompanying table. 


Cable Anchorages 


The cables will terminate at each 
end in eyebar anchor chains whose 
various branches will spread so as to 
engage, and be embedded in, the 
requisite mass of rock or masonry 
which has to resist the pull of the 
cables. Like the cable proper, these 
anchor chains are to be erected in four 
independent units, one for each cable. 
On the New Jersey side the chains will 
be anchored in the hard trap rock 
forming the cliffs. The point of 
entrance into the rock will be suitably 
marked architecturally by the masonry 
portal which forms the entrance to 
the bridge. 

On the New York side the chains 
are to be anchored in an almost solid 
block of masonry about 290 feet, by 
200 feet at its base and 130 feet high 
resting on bedrock. It will be suitably 
treated architecturally with stone fac- 
ing so as to harmonize with the adjoin- 
ing approachy viaduct, , 

The anchorage of each cable will be 
composed of 122 lines of eyebars, 10 
inches wide by 134 to 1% inches thick. 
They will be of heat-treated carbon 

(Continued on page 34) 
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TRUCKS— Automotive type, 
front axle. 

MAIN ROLLERS—Genuine 
car wheels with Timken roller 
bearings running on alloy steel 
shafts. 

TRACTION RINGS—One 


piece forged, high carbon, loco- 





- motive steel tires. 
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COUNTERSHAFT—Hieh carbon steel running self-aligning boxes. Mixer self-sustaining with power 
in Hyatt roller bearings in self-aligning boxes. loader. No braces required. 

GEARS—Cut and running in a bath of oil. Alemite CONTROL—AII control levers at drum end. Oper- 
lubrication. ator sees both power loader and discharge. 


Ransome Concrete Machinery Company 
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fully and without undue haste. ‘*‘No 
two things differ more than Hurry and 
Despatch. Hurry is the mark of a 
weak mind. Despatch of a strong one.”’ 
Beware of desperate steps! The darkest day, 
Live till tomorrow, will have passed away. 


Learn to keep secrets, your own 
included, but not like the young lady 
who made everybody promise that 
they would not tell. ‘“‘If a Foo! knows 
a secret, he tells it because he is a 
Fool; if a Knave knows one, he tells it 
whenever it is his interest to tell it.”’ 

I have quoted quite freely during my 
remarks, and for three reasons. First, 
because in the quotations I have used, 
the authors have presented the ideas 
in more expressive language than I 
could frame; second, because I have 
wished to add their acknowledged 
authority to my mere statements, 
and third, because I am very fond of 
trite yet comprehensive bits of philo- 
sophic utterances, that sparkle as they 
flow. I have the backing of Emerson, 
for it was he, I believe, who said that 
the next thing to saying a good thing 
yourself, is to quote one. I have in 
most instances not thought it best to 
interrupt the flow of thought by an 
allusion to the authors, and, as you 
know, the quotation marks in my notes 
are not sounded. This being the case 
my hearers will doubtless conclude 
that if I have said anything in any way 
brilliant it was quoted, and probably 
they will be right. 

We must admit that in rounding out 
the education of a young engineer we 
are now leaving a rather large arc 
unaccounted for and are, perhaps, 
allowing him to unwittingly run upon 
the rocks, when with some instruction 
he might safely keep within the 
channel. For myself, I feel enthusi- 
astic over the prospect of what might 
be accomplished. It would be genu- 
inely constructive work. It would not 
only benefit the student, but would 
have a favorable influence on the world 
which he is to serve. 

When you graduate engineers go to 
work, most of you will be in contact 
with shrewd financiers and keen busi- 
ness and experienced professional men 
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and they may disappoint you by their 
lack of appreciation for your scholarly 
attainments. They will inevitably 
look to see how practical you are. They 
will admit that your education has put 
the tools in your hands, but will watch 
to see how good use you can make of 
them. It is not always the mechanic 
who has the most elaborate set of tools 
that can do the best piece of work. 
This does not mean that a fine set of 
teols is not desirable, but it does mean 
that it is the way the tools are used 
that counts, and this in turn depends 
on the industry, the thoughtfulness, 
the experience and the good judgment 
of the user. 

I am sure that there has never been 
a time, since the world began, when 
there was such a crying need for young 
men of ability, education, character 
and sound sense, as there is today. 
You all have the ability and the edu- 
cation or you would not be in the 
senior class of Technology. Most of 
you, perhaps all of you, have char- 
acter, and many of you, doubtless, 
have a share of sound sense and this 
latter will grow with use and experi- 
ence. The world holds good places 
for those of you who will look patiently 
and wisely for the one that fits your 
individual tastes and talents. I pre- 
sume there are not many among you 
who are looking forward to the great 
day when you will become bond sales- 
men, and I hope my presumption is 
justified by the facts. I say this be- 
cause I have heard rumors that quite 
a number of young men about to 
graduate from other institutions of the 
higher learning have such ambitions, 
if that is the correct name for the 
feeling. ° 

Men at some time are master of their fates; 


The fault — is not in our stars, 
But in ourselves, that we are underlings. 


I recall a story of a certain business 
man who went to a great banker and 
said: “You must have many applica- 
tions from young men for positions. 
Kindly send me a dependable man, 
with whom I can trust my affairs and 
know that they will be attended to as 
well as if I had looked after them 
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myself. I will pay him ten thousand 
dollars a year.’’ The banker replied: 
**When I find that kind of a man I 
will pay him twenty-five thousand 
dollars a year, and more, myself.’’ 
This illustrates how valuable a depend- 
able man is. Rest assured, however, 
that he must be possessed of both 
Knowledge and Wisdom. 

Our remedies oft in ourselves do lie, 

Which we ascribe to heaven; the fated sky 

Gives us free scope; only doth backward pull 

Our slow designs when we ourselves are dull. 
‘*We should try to succeed by merit, 
not by favour. He who acquits him- 
self well will always have enough of 
patrons.”’ To quote from the Egyptian 
of 4500 years ago: ‘“‘Let thy thoughts 
be abundant, let thy mouth be under 
restraint, and thou shalt argue with 
the great.” 

In nature the tremendous forces of 
the volcano and the earthquake rather 
tend to elevate and build up, but the 
daily and hourly attrition of the 
elements are pulling down what has 
been before raised up. So it might be 
with you. The short poem, not notable 
for literary merit, expresses what I 
have in mind. 

It’s not the trees that black the trail, 

It’s not the ash or pine; 

For, if you fall or if you fail, 

It was some pesky vine 

That tripped you up, that threw you down, 

That caught you unaware; 

The big things you can walk around 

But watch the path for snares. 


In life it’s not the biggest things 
That make the hardest load; 

It’s not the burden big that brings 
Defeat upon the road. 

Some fault you hardly knew you had 
May hurt more than you think — 
Some little habit that is bad 

May put you on the blink. 


X-Ray Studies of Lime are ex- 
pected to improve the qualities of lime 
used in plastering. Dr. Marie Farns- 
worth of New York University reporied 
recently, to a meeting of the American 
Chemical Society, that the application 
of X-Ray crystal analysis to lime may 
be depended upon to furnish accurate 
data as to the plasticity of lime sam- 
ples. 
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Clearance Sale. The first price 
before the reduction was low. 
Now with 20% less price and 
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Sectional view, Fig. 142, Jen- 
kins Standard Iron Body Globe 
Valve. Note the sturdy construc- 
tion which provides for an even 
and ample distribution of metal 
throughout the valve. 












elective range 


The line of Jenkins Valves 
provides a wide elective 
range for the engineer. Prac- 
tically every valve require- 
ment is met by one or 
another of the many Jenkins 
types and patterns. 


Valves for power plants, 
valves for plumbing service, 
for heating service, for fire 
protection work, as well as 
for vital parts of apparatus 
and for special work inmany 
specialized industries — all 
are provided for among the @ 
figure numbers in the 
Jenkins catalog. 

Ordering by figure number 
is asurewayof steeringclear 
of substitution. It is an easy 
way, too, for Jenkins Bros. 
furnish full information. 


Jenkins Valves are furnished 
in bronze and iron in stand- 
ard,mediumandextraheavy 
patternsinglobe,angle,cross. 
check gate and other types. 


JENKINS BROS. 
80 White Street.........-.New York, N. Y. 
524 Atlantic Avenue........ Boston, Mass. 
133 No. Seventh Street.... Philadelphia, Pa. 
646 Washington Boulevard....-.Chicago, Iil. 
JENKINS BROS., LIMITED 
London, England 















Jenkins Bronze Fire 
Angle Valve. 












Fig. 338 
Jenkins Extra Heavy 
Iron Body Swing 
CheckValve, screwed. 













Send for a booklet 
descriptive of Jenkins 
Valves for any type of 
building in which you 
may be interested. 









Montreal, Canada 












& Always marked with the”Diamond" 
~ 

Jenkins Valves 
s SINCE 1864 
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Arc Welded Steel Structures 


ing length of the edge of the plate was 
welded intermittently with 2-inch 
welds on 4-inch centers. This speci- 
men weighed practically the same as 
the riveted specimen No. 20. 

All of these girders were tested by 
central loading on a_ bearing plate 
114” x 5” x 8” long placed lengthwise 
across the top flange of the beam. All 
of them failed by buckling of the top 
flange as shown in Figure 12 for No. 
Q1-A. 

The previous table gives the per- 
tinent data of tests on the girders. 
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(Continued from page 16) 


Specimen No. 20—-B is the average of 
the data for two specimens Nos. 20 
and 20—A. 

The results of these tests are inter- 
esting. Specimens No. 19 and No. 20 
are made up of duplicate parts, yet the 
welded girder was slightly lighter and 
developed eight per cent greater 
strength than the riveted girder. This 
is attributed to the fact that welded 
connections are much more rigid than 
riveted connections. Welding the heels 
of the flange angles together and to the 
edges of the web plate makes the two 
sets of flange angles practically the 
equivalent of a solid plate. Specimens 
No. 21 and No. 21—A indicate that 
girders which are designed for arc 
welded fabrication require less material 
and develop greater strength than 
similar girders designed for riveted 
fabrication. 

During the tests on these girders 
none of the welds showed any signs 
of distress even at the points of maxi- 
mum stress. 

Several other tests were performed. 
Fatigue tests and shocks tests proved 
that welded joints will withstand much 
greater shocks and vibrations than 
riveted joints. Figures 13 and 14 
show an arc-welded structure before 
and after being subjected to a 70-ton 
blow. The welded joints showed no 
sign of failure. 

This series of tests demonstrated the 
following facts: 

1. That welded joints can be con- 
structed in such a manner as to develop 
fully the ultimate strength of the 
structural members connected. 

2. Beams and girders can be con- 
nected to columns so as to produce 
absolute fixation. : 

3. Lines of beams or girders can be 
connected so as to provide complete 
continuity across the supports, whether 
the supports be girders or columns. 

4. That a steel I-beam of given 


TOOLS 


SEND FOR 
Cat. No. 11—Tapes and Rules 


NEW YORK 


section and length will sustain a far 
greater load if fixed at its ends by a 
suitably designed welded joint than is 
supported by standard riveted con- 
nections consisting of top and bottom 
angles. A 9-inch standard I-beam 
framed between rigid upright columns 
8 feet apart by means of specially 
designed welded connections sustained 
a load 25 per cent greater than a beam 
of the same size and length framed 
between columns by means of riveted 
top and bottom angles of 14-inch 
thickness. 

5. A plate girder assembled by 
welding and consisting of nothing but 
sheared plates has a far greater bend- 
ing strength than a riveted plate and 
angle girder of the same weight, due to 
better distribution of the steel in the 
cross section. A 15-inch plate girder 
assembled by welding and simply sup- 
ported, on a 14-foot span developed 
more than 50 per cent greater strength 
than a riveted plate and angle girder of 
the same depth and the same weight. 

6. That a double angle arc-welded 
tension member will support 30 per 
cent more weight than a similar 
riveted member. 

These tests demonstrated the superi- 
ority of welded connections in every 
case where a direct comparison was 
made and brought out two general 
facts. 

1. That complete continuity of lines 
of beams can be obtained in welded 
construction, whereas it is well known 
that this cannot be done in riveted 
construction. 

2. That in a welded building it is 
possible to make every joint develop 
full strength of the main members, 
whereas in a riveted building many 
joints are weaker than the members 
due to the weakening effect of the rivet 
holes and the weakness of steel angles 
which have to be used for transmitting 

(Continued on page 40) 
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THE DEVELOPMENT 
OF TRANSPORTATION 


N the days of Thomas Jefferson the ideas of the 
people were bounded on the west by the Alle- 
ghanies. Wise ones said that it would take a hundred 
= —s — ee and fifty years for civilization to reach the Pacific. 

—ELE_E_E=_== B=" °=»But they reckoned without modern methods. 

A network of improved roads is gradually expand- 

ing over the whole country. There is now scarcely a 
town in the United States that is not within easy 
trucking distance of a railroad center. 

But without the power of explosives this great 
transportation system could never have been devel- 
oped. Without dynamite we could not grade our 
roads, we could not mine sufficient iron to make the 
trucks, locomotives and cars that now move millions 
of tons of freight each year. 

Dynamite smooths the road bed, digs the tunnels 
and fills the gullies—without it, the great steel pion- 
eers could never have pushed into the Golden West; 
the country beyond the Alleghanies would still be a 
sparsely settled wilderness traversed only by the 
weekly Overland Stage. 

In the past, Hercules Explosives have been used 
extensively in building our network of railroads and 
highways. They will play a still more important 
part in developing the greater transportation sys- 
tems of the future. 


HERCULES POWDER,COMPANY 


(INCORPORATED) 
941 King Street, Wilmington, Delaware 


Sales Offices: Allentown, Pa., Birmingham, Buffalo, Chattanooga, Chicago, 
Denver, Duluth, Hazleton, Pa., Huntington, W. Va., Joplin, Mo., Los 
Angeles, Louisville, New York City, Norristown, Pa., Pittsburg, Kan., 
Pittsburgh, Pottsville, Pa., St. Louis, Salt Lake City, San Francisco, 
Wilkes-Barre, Wilmington, Del. ato 
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steel and will have an average minimum 
strength of 85,000 lbs. per square inch 
and an average minimum yield point 
of 53,300 lbs. per square inch. The 
maximum theoretical stress is 30,000 
lbs. per square inch. 


The Towers and their Foundations 


The towers are the main elements 
which give opportunity to and call for 
architectural treatment to lend the 
structure monumental character. In 
the proposed bridge, the towers are to 
be of massive construction, which is 
expressive of their function in sup- 
porting the great weight of the sus- 
pended structure and is in harmony 
with the surrounding scenery, more 
particularly, the massive rock face of 
the Palisades on the one side and the 
rocky point of Fort Washington Park 
on the other. Each tower will be 
210 feet by 65 feet at the base and 
taper slightly towards the top. It will 
reach to a height of 635 feet above 
water. 

In order to expedite the earliest 
opening of the bridge, the towers are 
to be built initially as steel skeletons. 
After the opening of the bridge to 
traffic these steel skeletons will be 
embedded in a concrete casing faced 


DUDLO 


World’s Largest 
Manufacturers 


of Fine 
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(Continued from page 28) 


with granite. Although the concrete 
and granite facing will assist the steel 
skeleton in carrying the entire load in 
the completed structure, and will 
materially increase its strength, it was 
considered advisable to proportion the 
steel skeleton so that it could safely 
carry the entire dead and live load of 
the completed suspended structure. 
Steel, concrete and stone will be 
thoroughly bonded to form a mono- 
lithic mass. 

The main columns of the towers 
will be of silicon steel. Carbon steel 
will be generally used for the bracing 
and its connections. Silicon steel 
must show a minimum average yield 
point of 47,000 lbs. per square inch and 
a minimum strength of 80,000 Ibs. 
per square inch. The columns are of 
compact solid-web-section. The maxi- 
mum stress in the tower columns for a 
combination of greatest axial and 
bending stresses from full load of the 
completed superstructure will not ex- 
ceed 27,000 Ibs. per square inch. For 
the completed upper deck the stresses 
will not exceed 22,000 Ibs. per square 
inch and the greatest average axial 
stress in all columns will not exceed 
20,000 Ibs. per square inch. 

Both towers will rest on solid, hard 
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bedrock. On the New York side, rock 
is available above water and requires 
no foundation work except preparation 
of the surface. On the New Jersey 
side, rock is reached at a depth of from 
35 to 75 feet below water. Each of the 
two tower legs will rest on a solid base 
approximately 100 by 90 feet, which is 
being built within an open cofferdam. 
This foundation method, although 
exceptional in size and depth, presents 
no serious construction problems and 
permits thorough examination and 
preparation of the rock surface. 


Loads, Wind and Temperature Forces 


The dead load of the suspended 
structure is in the average 39,000 lbs. 
per linear foot in the center span, and 
40,700 lbs. per linear foot in the side 
spans, or from four to five times the 
greatest live load which is likely ever 
te move across the bridge. 

For the proportioning of parts of 
the structure which will be affected by 
individual load concentrations the 
heaviest existing vehicles have been 
assumed, with liberal allowance for 
possible future increases and for the 
impact effect produced by vehicles 
moving at high speed. There are to be 

(Continued on page 38) 
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The Physical Properties of Clay 


to the roughness of the surfaces of the 
sliding bodies, but to an interaction 
of their molecules across the plane of 
contact. The writer, in an attempt to 
explain the mechanical side of the 
action of lubricants, came to the con- 
clusion that the molecules of the 
lubricant are polarized and arranged 
with their principal axis perpendicu- 
larly to the plane of contact. Due to 
this arrangement of the molecules of 
the lubricant, the lubricating film 
should include a plane of weakness 
comparable to the cleavage planes 
along which the crystals of micaceous 
minerals can be split very much more 
easily than along any other planes. 
Yet, no convincing argument could be 
presented for justifying the assump- 
tion that the water molecules arrange 
themselves in the manner characteristic 
of a lubricant along the surfaces of 
clay particles while they obviously 
fail to do so at the points of contact in 
a sand. 

The explanation came unexpectedly, 
a short time ago, in the reprint of an 
article mailed to the writer by its 
author, Professor Goldschmidt, of 
Qslo, Norway. The paper contained, 
in addition, the answers to several of 
the other questions mentioned before 
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BUFF performance is accurate and sure 
— without having to adjust the transit 
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We will, on request, mail a 4-inch high 
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this. In his investigations, Professor 
Goldschmidt started from the known 
fact that mineral scales are char- 
acterized by a layer-lattice structure, 
that is, everyone of their molecules 
resembles a little magnetized bar with 
a positive and a negative pole, the 
little magnets being arranged in such 
a manner that the whole crystal body 
consists of successive layers of positive 
and negative poles. The cleavage 
planes, (the planes along which the 
crystals can be easily split), are dis- 
tinguished by the fact that they con- 
sist of a layer of particularly powerful 
poles. The active clay particles are 
nothing else but scale-like particles 
whose surfaces represent cleavage 
planes. The poles forming these planes 
produce electric fields of a considerable 
intensity. On the other hand, the 
water molecules, too, re resent small 
magnets with positive and negative 
poles. If the water molecules enter 
the electric field of the cleavage planes, 
they arrange themselves with their 
axes perpendicular to the planes, thus 
fulfilling the condition which, accord- 
ing to the writer’s conception, is 
required to produce a lubricating effect 
and which, in addition, seems to be 
required for making the material 
plastic (Fig. 3). If clay is mixed with 
a liquid whose molecules are not 
bipolar, for instance, tetrachlor car- 
bon, the mixture turns out to be non- 
plastic. The mere fact that the 
molecules of the water are arranged in 
a regular manner excludes the pos- 
sibility that they move and vibrate as 
freely as do the molecules of the nor- 
mal water. Hence, within the electric 
fields of the cleavage planes, the water 
is virtually in an undercooled state, 
in agreement with the conceptions of 
the writer mentioned before. 

The Norwegian investigator also 
succeeded in determining, by com- 
bined optical and chemical means, 
the mineralogical nature and the per- 
centage of scale-like particles con- 
tained in Norwegian clays. According 
to these results, the scale-like particles 
consist of chlorite, taleum, muscovite, 
and biotite, and represent about 12 
per cent to 27.7 per cent of the total 
weight. These figures check remark- 
ably well with those which we have 
obtained at the Massachusetts Insti- 
tute of Technology by comparing the 
elastic properties of clays with those 
of coarse grained sand-mica mixtures. 

Two years ago, Ross and Shannon, 
in Washington, D. C., showed for a 
rather unusual American clay, the 
Bentonite, that it consists essentially 
of minerals which crystallize in mica- 
ceous aggregates. Finally, a Russian 
investigator, in Moscow, found a very 


simple and ingenious method for ex- 
perimentally demonstrating that the 
clay particles arrange themselves per- 
pendicular to the direction in which 
they travel downward during the pro- 
cess of sedimentation. 

As a result of all these investigations 
we have arrived at fairly clear concep- 
tions of the causes of the physical 
properties of clay. The plasticity and 
the low value of internal friction are 
due to the interaction between very 
minute scale-like particles of layer- 
lattice structure and a liquid with 
bipolar molecules. The great com- 
pressibility of the clays, their elas- 
ticity, and their high water capacity 
are produced by a single factor, the 
presence of scale-like mineral particles, 
because the clays share this property 
with dry and coarse grained mixtures 
of sand and mica. The same is true of 
the well-known swelling of the clays, 
because swelling is nothing else but 
elastic expansion associated with 
absorption of water, and can be com- 
pared’ with the swelling of a sponge 
which was first compressed and after- 
wards allowed to expand under water. 
Shrinking of clays, too, is purely a 
mechanical phenomenon combining 
the effect of the surface tension of the 
water and high compressibility of the 
material. The layer-lattice structure 
enters into the phenomenon of shrink- 
age only as it seems to cause an 
increase of the surface tension. 

In 1924, the writer published formu- 
las which made it possible to compute 
the effect of the low permeability of 
the clay on the settlement of founda- 
tions established on the surface of clay 
deposits. These formulas represent 
the solution of the quantitative part of 
the problem. To take advantage of 
this solution, experimental methods 
were developed for determining the 
numerical values of the coefficients 
which appear in the formulas. Finally, 
for over a year, efforts are being made 
in codperation with the Bureau of 
Traffic Roads in Washington, D. C., 
to utilize our knowledge in a broader 
sense for establishing a soil classifica- 
tion for general engineering purposes. 

Thus, by the efforts of individual 
investigators the nature of this puzzling 
material was explained. The separate 
investigators checked and_ supple- 
mented each other, combining to fur- 
nish conclusive information. In each 
case it was necessary to proceed through 
complete obscurity; Yet, assisted by 
conscientious observation, one is able 
to grasp what is essential. The knowl- 
edge of the physical properties of clay 
will have its effect upon brick making, 
the ceramic industry, and the attitude 
of engineers toward this material.” 
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men of the modern shop. The same rule is ap- 
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13,000 Feet 
Underground 


Laying 13,000 feet of air pipe in a mine, would 
be an expensive proposition. But modern en- 
gineering makes this unnecessary. Today’s 
automatic Angle Compound Air Compressor is 
stationed underground, close to the drilling, 
with only electric wires strung from the outside. 


The Sullivan Angle Compound Compressor 

in the picture is owned by the Bingham Mines 
Company, and operates 13,000 feet under- 
ground, at Lark, Utah. It has full automatic 
stop and start control, and supplies dependable 
air power day in and day out, with little 
attention. 
Near by, at many mines in the district, are other 
Angle Compounds. The oldest eleven installa- 
tions in the district have already given a total 
of 120 years of service—and all are going strong 
today. 

Dependability which makes the Sullivan An- 
gle Compound Compressor so valuable for min- 
ing and construction work, has placed it also 
at Muscle Shoals, in the factories of Fisher Body 
Corp., Atwater-Kent, and other leaders in every 


industry. 
An Opportunity for You 


Engineering graduates of 
colleges like your own, 
manage and staff the 
Sullivan Machinery Com- 
pany. Engineering ability 
is given full play in the 
Sul'ivan organization, and 
is generously rewarded. 
Why not investigate your 
opportunities with the 
Sullivan Machinery Com- 
pany, now, when gradua- 
tion is near at hand? Send 
for the booklet ‘‘Engineer- 
ing Sales Opportunities.” 
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Chicago, U. S.A. 
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no restrictions as to speed, except 
such as are advisable for the safety of 
traffic. 

Consistent with increased distribu- 
tion and variety of load units and 
their decreasing compound impact 
effect, the intensity of the assumed 
load and its impact effect has, by 
appropriate and convenient formulae, 
been reduced, both with increasing 
length of load and with increasing 
number of load lanes which produce 
the greatest stresses. 

Thus, the roadway flooring has been 
proportioned for a 25-ton truck with 
75 per cent impact, which corresponds 
to an average of 440 lbs. per square 
foot of floor space or 4,400 Ibs. per 
linear foot of lane. 

For the 60 foot roadway stringers, 
affected by a single lane of traffic the 
load with 58 per cent impact is 324 
lbs. per square foot or 3,240 Ibs. per 
linear foot of lane. For the roadway 
floorbeams, which carry two 60 feet 
panels and eight lanes of vehicles, the 
load with 17 per cent impact is 140 
lbs. per square foot or an average of 
1,400 Ibs. per linear foot of lane. 

For the cables, towers and anchor- 


THE 


The Hudson River Bridge 


(Continued from page 34) 


ages, which get their maximum stress 
from load on the entire bridge and for 
which impact is neglible the live load 
has been assumed at 8,000 Ibs. per 
linear foot of bridge. This corresponds 
to a load composed of 10-ton vehicles 
spaced on an average 50 feet on centers 
or 5-ton vehicles spaced 25 feet on 
centers on all eight roadway lanes on 
the upper floor and heaviest rapid 
transit trains, one train length apart 
on all four electric railway tracks on 
the lower floor, a load condition which 
is not likely ever to occur. 

For the proportioning of the main 
lateral or wind bracing along the floor 
and of the towers a wind pressure of 
1,500 lbs. per linear foot of bridge 
has been assumed. Proper allowance 
has been made for the fact that a por- 
tion of the floor wind force is trans- 
mitted to the cables and by the latter 
carried to the tops of the towers. 

A maximum change in temperature 
of plus or minus 55° from normal has 
been used as a basis for calculating 
stresses thereby set up in the structure, 
and a change of 75° from normal has 
been assumed in allowing for tem- 
perature expansions. 
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Estimated Cost and Quantities 


[t is estimated that the bridge will 
be completed, ready for the initial 
fourlane roadway and footwalks, but 
with provision for the construction at 
any time thereafter of the additional 
roadways and rapid transit tracks, for 
approximately sixty million dollars. 
With an additional expenditure of 
fifteen million dollars it may be com- 
pleted to full capacity. 

The principal quantities involved in 
the bridge are as follows: 


Excavation................ 400,000 cu. yds. 


Concrete.................. 465,000 cu. yds. 
Stone Masonry............. 57,000cu. yds. 
Steelwork..,..:....:..s0+.+ 390,000 tons 


Time of Construction 


Construction work was started on 
the New Jersey Tower foundation in 
May, 1927, and on the rock excavation 
for the New Jersey Anchorage in June, 
1927. On October 13, 1927, contracts 
were awarded for the entire steel work 
of the main bridge. 

If ‘construction work proceeds as 
scheduled, the bridge will be open to 
traffic in 1932, a reasonable length of 
time for such a structure. 























Steel Sheets 


Sheets, Special ‘Gut Tin and Terne Plates 
for every known purpose—and with highest 
quality standards rigidly maintained. Sold by 
leading metal merchants. Send for booklets. 


Sheet metal serves increasingly the engineer- 
ing, railway, industrial, and general construc- 
tion fields. This Company is the largest and 
oldest manufacturer of Black and Galvanized 
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Administrator 
Penn State ’22 


M. V. MAXWELL 
Design Engineer 
U. of Missouri '23 


R. R. SHEELY 
Design Engineer 
Ohio State '22 
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RENE BAUDRY 
Drafting Engineer 
Ecole Nationale 
d’Arts et Métiers 
d’Aix-en-Provence '19 


J. H. ASHBAUGH 
Design Engineer 
Bliss '18 


S. B. GRISCOM 


Transmission 
Engineer 


Cornell '22 


The picture above shows workmen assembling one of the huge Conowingo 


stators in the Westinghouse Works at East Pittsburgh. The men in the picture 
will give an idea of the tremendous size of these generators. 





R. S. MARTHENS 
Design Engineer 
Carnegie Tech '23 







Where do young college men get in a large 

industrial organization? Have they oppor- 

tunity to exercise creative talent? Is indi- 
vidual work recognized? 


T Conowingo, not far from 
where the Susquehanna 
River flows into Chesapeake Bay, 
the Philadelphia Electric Com- 
pany is erecting a huge dam and 





Conowingo 


power house. This hydro-electric 
development, one of the largest in 
the world, has an initial capacity 
of 281,000 kv-a. in seven units 
and an ultimate capacity of 440,- 
ooo kv-a. The generators, due to 
their very low operating speed of 
81.8 r.p.m., are much larger phy- 
sically than anything yet built, 
each machine being approxi- 
mately 37 feet in diameter and 


Westinghouse 


YOUNGER COLLEGE MEN 
ON RECENT WESTINGHOUSE JOBS ine 


R. C. BERGVALL 
Central Station 


U. of Michigan ’21 


weighing over one million pounds. 

Only an organization of the 
size and resources of Westing- 
house can undertake the build- 
ing of such a large machine. 
Westinghouse offers great at- 
tractions to young men of enter- 
prise and genius because it daily 
provides facilities and oppor- 
tunities which smaller companies 
cannot offer. 
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Departmental Notes 
(Continued from page 20) 
to differ from the present one in that a 


sixth order total equation can be me- 
chanically solved. This, when brought 


to completion, will again extend the 
border line of knowledge. 
As different pieces of work are 


brought to completion the results are 
published in the various scientific pub- 
lications of America. The Electrical 
Engineering Department has reprints 
of these articles bound into bulletin 
form, these reprints being available to 
staff members and interested students. 
At each issue of these bulletins, copies 
are mailed to institutions of learning 
and individuals located in all parts of 
the world. This is a definite tribute to 
the type of work carried on by the 
department as the mailing list is only 
made up of institutions and individuals 
who have directly solicited the sending 
of the bulletins. 

Students of all departments at Tech- 
nology are invited to visit the Gradu- 
ate Research Laboratory of the Elec- 
trical Engineering Department. Mem- 
bers of its staff will be glad to explain 
to visitors items of particular interest 
to them. 


E. G. BANGRATZ. 
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Arc Welded Steel Structures 


(Continued from page 32) 


tension between two members at right 
angles to each other. 

In addition to the advantages of are 
welding which were brought out by 
these tests, there are several other 
obvious advantages that have not been 
mentioned. For example, the arc- 
welding process is practically noiseless 
as compared with the annoying racket 
of riveting. This fact cannot be over- 
looked when erecting buildings in 
down town districts or near hospitals 
or schools. Welded joints offer a neater 
structure, and a smoother surface for 
painting. Most of the steel used in 
arc-welded buildings can be sent direct 
from the mill to the field because no 
drilling is necessary, and furthermore, 
arc-welded buildings may be designed 
to eliminate all close cutting. Thus, 
many of the detail shop drawings and 
the shop work that are necessary with 
all riveted structures are eliminated. 
Another economical advantage of the 
arc-welding process is that one welder 
can do the work that formerly required 
a riveter, a helper, and a blacksmith 
who heated the rivets and tossed them 
to the riveter. A new single operator 
are-welding machine is shown in 
Figure 15. 


As those of the building profession 
become better acquainted with the 
characteristics of the are-welding proc- 
ess, new applications for it will be 
found. Arc welding is destined to play 
an important role in the building pro- 
grams of the future. 


A Cheaper Mechanical Refriger- 
ator. From Norway comes the report 
that there has recently been construct- 
ed along novel lines a new type of 
mechanical refrigerator. This appara- 
tus, which has attracted considerable 
attention, is based upon the absorbent 
power of activated carbon, the cooling 
substance being ethyl alcohol. A tank, 
the weight of which is quite small, is 
completely filled with the activated 
carbon and a limited amount of alco- 
hol is introduced at a pressure that 
is considerably below normal. It is 
claimed by its inventors that a refrig- 
erator of this type, which is suitable 
for a common household, will require 
a heating element of only four hun- 
dred watts and will use three hundred 
liters of cooling water every twenty- 
four hours, and will give under normal 
conditions a cooling effect correspond- 
ing to twenty-two pounds of ice. 





ARTHUR C. HARVEY COMPANY 


STEEL MERCHANTS 


BOSTON 


Harvey STEEL Road 


Telephone, BRIghton 5000 
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There is nothing sympathetic or sentimental about an 
automatic recording instrument. It just registers the 
facts, and lets them speak for themselves. 
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The facts revealed by this chart show that Gas Heat gives 
Control, Speed, Increased Production, Uniform Produc- 
tion, and No Spoilage; all elements that make for econ- 
omy in operation, and consequently increase in profit. 


You would like information concerning 
the use of gas as a fuel in your own fac- 
tory, and can easily obtain it by writing 
to your own gas company, or to 


American Gas Association 
420 Lexington Avenue, New York City 


YOU CAN DO IT BETTER WITH GAS 
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Testing Waterwheel Generators 


pit by merely bolting them to the 
steel floor, as would be done in the 
shops. 

Through the center of the pit lid a 
hole is provided for the rotor shaft to 
extend upward. The top surface of the 
lid is faced off to provide for the 
installation of a vertical-shaft direct- 
current motor for making the tests. 
Various motors can be installed, rang- 
ing from a few hundred horsepower up 
to whatever rating is necessary for 
spinning the big rotors to be built in 
the future. 

A passageway leads down through 
the wall of the pit to the bottom, and 
plenty of illumination is provided. 
The floor of the pit is of slotted steel 
construction, so that bracing and 
erecting work can be used in the same 
way as in the shops. Overhead there 
is a special crane with two carriages, 
one carrying a 100-ton hook and the 
other a 50-ton hook. 

In order to carry out the safety pre- 
cautions to their logical limit, remote 
control of the driving motor is provided 
from two supervisory stations. One of 
these stations is located on the shop 
floor twenty feet from the mouth of the 
pit, and consists of a d-c. panel with 


The 
Perfect Valve 
Inserting Machine 


Was designed to enable Water-Works 
Superintendents to install proper valves 
urithout risk or inconvenience to consumers. 
It is made in four sizes: No. 1 for insert- 
ing 4-, 6- and 8-inch valves; No. 2 for 
inserting 8-, 10- and 12-inch valves; 
No. 3 for inserting 14-, 16- and 20-inch 
valves; and No. 4, special for inserting 
24-inch horizontal valves. The operation 
of this machine is “as simple as rolling 
off a log.” 


Write us for illustrated booklet 
No. 207 


THE 


A. P. SMITH MFG. CO. 
East Orange, N. J. 


Makers of Smith Tapping Machines, Valves, Lead 
Furnaces, Pipe Cutting Machines, Gate Valves 
and other Water-Works Specialties. 
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push-button control, electric speed 
indicator, and change-over switches to 
provide dynamic breaking in slowing 
down. All connections are made by 
cable carried in ducts set in the con- 
crete. 

The second control station is located 
in an observation building situated 
some 300 feet from the main test build- 
ing, to which all circuits are brought 
by underground cable. Duplicate d-c. 
control boards are set up here, and 
tachometers are provided. In addi- 
tion to these, an adaptation of the 
oscillograph is employed for vibration 
recording, which may either be done 
visually in the usual manner, or made 
permanent on a continuously moving 
motion picture film. A _ telephone 
circuit is also run to the observation 
building from the pit, connecting a 
microphone on the pit wall with head 
phones at the operator’s desk. In this 
way a close track can be kept of condi- 
tions in the pit. Any unusual noise, 
indicating unbalance of the rotor, or a 
sudden racket set up by parts flying 
loose will instantly be heard and will 
warn the operator to shut down the 
set immediately. 

The plan upon which tests will be 
conducted is a simple one. After all 
preparations have been made, the lid 
of the pit is securely wedged down, and 
a motor of suitable size installed and 
coupled to the shaft. The operators 
then take up their position at the con- 
trol station in the main building and 
the test gets underway. First the rotor 
is set in motion and brought up to its 
rated speed. After holding this speed 
for a moment, the motor is shut off and 
the set allowed to come to rest. The test 
men then enter the pit and give the 
rotor a very thorough examination, 
trying all bolts and fastenings for 
tightness, and measuring the circum- 
ference with a steel tape. Under the 
centrifugal forces of rotation the struc- 
ture is bound to expand somewhat, and 
this is allowed for in the design. Undue 
expansion serves as a warning that 


somewhere the metal is not standing 
up to its work. 

If everything proves satisfactory on 
examination, the rotor is again started 
up, and an increment of speed is added, 
the machine running at perhaps 120 
per cent of normal. Again the mass is 
stopped and tests are made. This pro- 
cedure is repeated several times until 
the rotor has reached twice normal 
speed, which is held for a short period, 
depending upon the contract condi- 
tions governing the particular machine 
under test. 

The first run is conducted from the 
control station on the floor of the main 
building. When higher than normal 
speeds are reached, however, the men 
retire to the observation building, and 
signs are put up to warn others to keep 
away from the pit. The energy to be 
stored in the rotor at double speed is 
very large and consequently it may 
take some time after each stop before 
the desired speed is reached. This 
gives ample opportunity for discover- 
ing any incipient weakness in the 
whirling mass. When the last run has 
been made, the power is cut off for 
good. Dynamic breaking by regenera- 
tion may be used if the free coasting 
time would be unnecessarily long. The 
tests are usually conducted in the 
presence of engineers representing the 
purchaser, and members of the Testing 
Department. When the purchaser’s 
QO. K. has been given, the rotor is dis- 
mantled and removed from the pit, 
later to be set up at the point where it 
is to go into operation. 

The General Electric over-speed 
test pit is the largest in the world at 
the present writing, and has been 
designed and built to provide the 
greatest possible degree of safety to 
life and property. It is an interesting 
side-light on the extraordinary progress 
which the last two decades have 
recorded in the generation of electric 
power, and it serves as an indication 
of the faith which the manufacturer is 
placing in the future of his art. 
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RABES 


Ingersoll-Rand Portable Compressor and Air Drills on a road-building job. 


Air on Wheels 


. 

Modern engineering projects require equipment that § 

can be moved about quickly, regardless of mountains, 

rivers, or other natural obstacles. Particularly is this 

true of our modern highway systems, for the road- 

building problem is a vital one in every section of the 
country. 





























To meet the increasing demand for better highways, 
the contractor is literally “taking his air with him’’— : 
equipping himself with portable air compressor plants a 
that will operate his drills and other road-building 
tools. Good roads, judged by present standards, are 
rarely built in any other way. 





LR Portabie Compressors and “Jackhamer” Rock - 
Drills have supplanted the crude, laborious hand % 
methods of a decade ago. Not only in out-of-the-way 

places, but in cities and factories as well, these sturdy 

little air plants are speeding operations and cutting 

overhead in almost every line of work. 


Ingersoll-Rand Portables are furnished in six dif- 
ferent sizes, each being available on several different 
types of mountings. 


INGERSOLL-RAND COMPANY 
11 BROADWAY NEW YORK CITY 


Offices in principal cities the world over 


Ing ersoll-Rand 


The BF peer ol Rock Drill— 

a tireless machine that will do 

the work of several men with 
hand tools. 
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THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


CAMBRIDGE, MASS. 


PARA, 


HE MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers 

Courses, each of four years’ duration, in Civil, Mechanical, Electrical and 

Aeronautical Engineering; Naval Architecture and Marine Engineering; 
Mining Engineering and Metallurgy and Geology; Architecture and Architectural 
Engineering; Chemistry, Chemical Engineering and Electrochemical Engineering; 
Biology and Public Health and Sanitary and Municipal Engineering; Mathe- 
matics, Physics, General Science and General Engineering; and in Engineering 
Administration. These Courses lead to the degree of Bachelor of Science. 


To be admitted to the first year class applicants must have attained the age of 
seventeen years, and must satisfactorily fulfill entrance requirements in Algebra, 
Plane and Solid Geometry, Trigonometry, Physics, Chemistry, English, History 
and French or German and two units of elective subjects. Examinations are 
required in all subjects except Chemistry, History and the electives, the require- 
ments for which are fulfilled by the presentation of satisfactory certificates. A 
division of these entrance subjects between different examination periods is 
permitted. 


Entrance examinations are held at the Institute in September. In June appli- 
cants will be examined by the College Entrance Examination Board in Boston, 
New York, Philadelphia, Chicago and many other cities in America and Europe. 
A circular stating times and places is issued in advance by the College Board. 


Graduates of colleges and scientific schools of collegiate grade, and in general 
all applicants presenting satisfactory certificates showing work done at another 
college corresponding to at least one year’s work at the Institute, are admitted 
without examination, to such advanced standing as is warranted by their previous 
training. 


Graduate courses leading to the degrees of Master of Science, Master in Archi- 
tecture, Doctor of Philosophy, Doctor of Science and Doctor of Public Health 
are also offered. Special Research Laboratories of Physical Chemistry, Organic 
Chemistry, Applied Chemistry and Science have been established. 


Correspondence should be addressed to the Institute of Technology. 


PUBLICATIONS 


Catalogue: Bulletins of General Information, Summer Session, and Graduate 
Study and Research; and the Report of the President and the Treasurer. 


Any of the above named publications will be mailed free on application. 


For information, address 


ADMISSIONS OFFICE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE A, MASS. 





February, 1928 


H 


THE TECHNOLOGY PRESS, CAMBRIDGE, MASS. 








Diplomatic Diction in Berlin 


HOTEL ADLON, BERLIN, GERMANY 


wo German diplomats, who had 

been at the University of Bonn to- 
gether, met in the foyer of the Hotel 
Adlon after a separation of some years. 
One of them had been at a South Amer- 
ican capital,one in the Orient. 

Eagerly they discussed old times and 
common memories, and they were still 
talking excitedly as they started to- 
ward the Otis Elevator. When they 
reached the door, they paused, each 
wishing to give the other precedence. 

*‘But you must go first, my good 
friend,” one of them was heard to re- 
mark. ‘‘I’m sure the ride will be a nov- 
elty to you after so many years in the 
East, and I would not think of preced- 
ing you.” 


“On the contrary,” answered the 
other,**I am insisting that you enter 
first. We lacked some things in the Ori- 
ent, but the Otis, there as here, is in all 
the big shops and hotels.”’*‘ We'd better 
squeeze in together, then, because South 
America, too, is well equipped! But 
wait a moment! You must go first, for 
I used the Otis on board the steamer 
every day!”*I, too! I will not be out- 
done!” 

Starting forward together, they col- 
lided at the door. 

One would have to travel farther 
than civilization, East or West, to find 
any novelty in that taken-for-granted 
convenience, the Otis Elevator. 


OTIS ELEVATOR COMPANY 


Offices in All Principal Cities of the W orld 








GENERAL 


From this 2%-acre deck, Uncle 
Sam’s battle planes can now leap 
into action—sure of a landing 
place on their return, though a 
thousand miles from shore. 


This marvel of national defense 
was accomplished—and duplicated 
—when the airplane carrier, U.S.S. 
Saratoga, and her sister ship, U.S.S. 
Lexington, were completely 
electrified. 


In each, four General Electric 
turbine-generators deliver, 


ELECTRIC 


A Marvel er National Defense 





combined, 180,000 horsepower to 
the propellers—enough to drive the 
ship at 33 knots (39 miles an hour) 
—enough to furnish light and power 
for a city of half a million 
people. 


The design and construction of the 
clectric equipment for the U.S. S. 
Saratoga and the U.S.S. Lexington, 
to which college-trained men con- 
tributed in great measure, 
exemplify the part General 
Electric plays in promoting 
the welfare of the nation. 


SCHENECTADY, NEW 
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